NUMBER 


Pore Page 
at Columb Ohio, January 26, 1932. 
on the measurement and of forest- 
Femrvoire. (With com- — fire weather in the western Adirondacks. Review 
clones in the United States, Erie R. Miller. “Souan 
International Researoh report of the 28 
Sounding-balioon ime Royal Center, Ind, 


during the International, M February, 1931. 
Serious erosion caused by: 
Colfax, 


W2EaATHDR ON THE ATLANTIC AND Pacirie 31 
I-XI, 


STATES DEPARTMENT OF AGRICULTURE 


See page 4 of cover for prices 


W. B. No, 1068 : 
iv 


; 
: 


MONTHLY WEATHER REVIEW 


Editor, W. J. HUMPHREYS 


OR He. JANUARY, 1932> 


Crosep Marcu 3, 1932 
Issuzp Aprin 7 , 1932 


METEOROLOGICAL CONDITIONS AFFECTING THE FREEMAN LAKE (IDAHO) FIRE 


By Grorce M. Jemison, Junior Forester 


{Northern Rocky Mountain Forest and Range Experiment Station) 


Measurements of meteorological conditions 
during the rapid spread of forest fires are grea N need 
so that when their recurrence seems probable, fire- 
weather forecasters may issue warnings of the danger. 
Such determinations also can be used by forest protec- 
tive agencies which operate meteorological stations to 

ide their own action in the distribution of men and the 
dare of fire fighters whenever their instruments reveal 
the early probability or actual existence of these dan- 
gerous conditions. 

The results of one study of this kind were published 
in 1927 by Gisborne,' who found that during the seven 
worst days of the Quartz Creek fire in northern Idaho 
the average maximum temperature ranged between 72° 
and 88° F.; the minimum relative humidity, between 
13 and 24 per cent; while the average afternoon wind 
velocity varied from 9.8 to 15.0 miles per hour. The 
average afternoon moisture content of the duff during 
these seven bad days was 7 per cent and the average area 
burned 1,500 acres per day. 

On August 3, 1931, another opportunity occurred for 
measuring weather and fuel-moisture conditions during a 
bad fire day when the Freeman Lake fire burned over 
20,000 acres between 10:30 a.m. and 11:00 p. m., averag- 
ing 1,600 acres per hour for 12% hours. Like the Quartz 
Creek fire, this more recent one came within 2 miles of 
the Priest River Forest Experiment Station. The weath- 
er records obtained at this station on these occasions 
therefore can be compared with references to the rate of 

spread. 

Measurements made here include both meteorological 
and fuel-moisture conditions, At the primary meteor- 
ological station the conventional measurements of tem- 
ee ry. humidity, wind, and precipitation are amplified 

y the use of a hygrothermograph and a 2-magnet 
register with the anemometer installed in a tree top 150 
feet high and 70 feet above the tops of surrounding trees. 
Three other stations also are operated especially to 
measure forest inflammability, one on an open area fully 
exposed to sun, wind, and rain; one on a half-cut-over 
area in the partial shelter of the remaining trees; and 
one under a compléte timber canopy in an uncut stand 
where the forest exerts its maximum effect in maintain- 
ing fuels moist and in reducing the wind velocity. At 
each of these stations, measurements are made twice 
daily of the ‘amount of moisture in the duff (dead leaves 
and twigs covering the forest floor) and in samples of 
slash varying in diameter from one-half to 2 inches. At 


Gisborne, H. T.: Meteorological factors 
Weath. Rev. 1927, LV, No.2 pp. 86-00 Creek forest fire. Mon. 
106542—32——-1 


each station, hygrothermographs record the air temper- 
ature and humidity, and soil thermometers register the 
temperature in the surface of the duff. 

e Freeman Lake fire started at 10:30 a. m. near the 
base of a southwest slope, which is naturally an excep- 
tionally dry exposure, and in a stand of young Douglas 
fir interspersed with patches of brush and grass. ‘The 


latter are recognized as fuel types which produce excep- 


tionally rapid spread of fire. Although discovered by 
the lookouts 20 minutes after it originated, and even 
though 11 men reached it and began work 1 hour and 10 
minutes after origin, this fire spread from a spot to over 
20: acres in that short time and was beyond control by 
the first crew. Additional reinforcements of 31 men 
reached the fire at 12:20 p.m. and 50 more arrived at 
5:00 p. m. that day, but the spread continued and even 
accelerated its rate until about 11:00, p. m. that night. 
By midnight 640 men were working on the fire line, and 
the fire was under control 3 days later. 


TaBLE 1,——Fuel and weather conditions at the Priest River Forest 
Experiment Station, August 3, 1931 


Moisture of 
Air tempera- Relative 
is 
Miles} 
Per | Per | Per | Per | Per |} Per Per| Per| Per 
A.m cent | cent | cent | cent | cent | cent |° F.|° F.|° F.| cent | cent | cent 
66 | 51 | 48 | 49 | 49 | 78 
8 | 11) 224] 25) 534) Sig} 78 | 52 | 28 | 30 | 42 
10:00... 13 84 | 78 21 | 22 | 24 
Noon... 13 90 86 13 13 
18° ds. 91. }87 |84 iu ja 
17 91 188 | 86 | 10 {11 
90 | 87 | 8 | 10 | 10 | 12 
15 4, 8%) 10 4) 7 92 89 | 8 | 9 | 10 
s9 [87 | 9 | 9 12 
0003 14 86/85 |84 | 9 | 13 
80 | 80 | 79 | 14 | 1384} 17 
10:00. 72 |73 |73 | 22 | 23 | 2% 
Midnight......| 6 |....- .-| 53 | 60 | 65 | 62 | 45 | 41 
Av. lla. m. 
1 The wind velocities shown above wi recorded at a 


very closely with those 
lookout station six miles away and at afr t elevation, thereby indicating that these 
velocities represent the mal winds in that locailty on August 3, 1931. 

2 Slight inconsistencies in relative humidity data are due to: (1) Differences in tem- 
perature on the three sites; (2) differences in vapor eae due to abundance of ground 
pa nen + she transpiring moisture; and (3) differences of sensitivity of record- 
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The course of this conflagration was with the wind 
from a southwest to. a northeasterly direction, in spite of 
various timber and fuel types, sharp. ridges, valleys, cul- 
tivated fields, roads, and fivers. By the morning of 
August 4 an area 5 miles wide by 11% miles long had 
been burned over, with several spot fires still farther 
ahead and as much as 15 miles from the point of origin. 
Over 20 of these spots were finally controlled before they 
burned together or backed to the main fire. The largest 
reached a size of 350 acres and was 3 miles ahead of the 

This unusual rate of spread obviously points to the 
great importance of two factors; viz, extreme dryness of 
the fuel types, and wind as a —— nt and carrier 

of blazing embers to start spot fires. ese conditions 
as well as air temperature and relative 
shown in Table I as they were measured at the Priest 
River station about 2 miles north of the fire. In con- 
sidering these temperatures and humidities, they should 
be compared to the 20-year normal maximum temperature 
of 84.2° F. and the 5:00 p. m. relative humidity of 38 per 
cent for August 3 at this station. 


EVAPORATION FROM LAKES AND RESERVOIRS 
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These data show that when duff and wood moisture con- 
tents are as low as 4or 5 per cent.in the open and 9. or.10 
cent under dense timber, wind velocities of 12/to 18 

hour, together with maximum temperatures of 909 or 
§0° F., and humidities of 9 or 10 per cent result in possi 
spread of fire at about 1,600 acres per hour in northern Idaho. 

When these conditions are compared with the measure- 
ments made by Gisborne in 1926, it is apparent that th 
difference between 1,500 acres ed day and 1,600 acre; 
per hour is due to what might have been considered as 
relatively small differences in fuel moisture, wind, tem- 
perature, and humidity. This comparison shows very 
closely, however, that these small differences combine 
to produce a most exceptional rate of spread of fire. 
This also demonstrates the importance of recognizing and 
forecasting temperatures of over 90° F., humidities 
around 10 per cent, coupled with winds of only moderate 
velocity, when the duff and slash moisture contents are 
under 5 per cent. At such times, every effort in control 
must be made if fires are to be reached and restricted 
before they grow to such great sizé as to require tre- 
mendous expense for their suppression. gee 


By C. E. Grunsxy 
[September 1931] 


What has heretofore been published on the experi- 
mental data relating to evaporation must be used with 
caution. The United States Weather Bureau standard 
evaporation pan A, a land pan, does not furnish a satis- 
factory basis for comparing the evaporation from a large 
body of water in one place with that from another body of 
water in some other place. The same is true of most 
floating pans poor of which have been insufficiently 
immersed. The Chestnut Hill Reservoir records by 
Desmond Fitzgerald' were obtained in part from a 
floating pan, the water in which sometimes differed as 
much as 10° F. from the outside water. The F. H. 
Bigelow experiments under direction of the United States 
Weather Bureau at Salton Sea with a battery of pans 
called floating pans were made with pans whose water 
surface was 3 or 4 inches above the surrounding water. 
These Bigelow records should not be credited to floating 
pans which should always have their water surface lower 
than that of the outside water. A new type of land pan 
with shaded rim is below suggested. 

Wind effect on evaporation being taken into account the 
ordinary relation of evaporation to mean monthly air 
temperature is indicated in this contribution both in a 
table and by diagram. An altitude factor is suggested 
to be used until something better is found. 

The writer desires to suggest the use of a type of land 
pan which will give results for some periods of time, such 
as the month, which will better indicate the relative 
amount of evaporation loss from widely separated large 
open-water surfaces. Furthermore, he presents some 
conclusions bearing on the relation of the mean monthl 
evaporation rate to mean monthly temperature, with 
pn ae iy of the effect on this rate of air movement and 

tatude. 

The standard evaporation pan A of the United States 
Weather Bureau conforms substantially to the following 
description : 


1 Transactions, Am. Sor. ©. E., Vol. XV. 


The pan is circular, 48 inches in diameter, 10 inches 
deep, and is filled with water to a depth of about 8 inches. 
It is built of galvanized iron and rests on wooden supports 
placed on the surface of the ground. . bua fi) 

Pans of this character are widely distributed through- 
out the country and are intended to afford a basis for 
comparison of evaporation rates in different localities. 
The measurements of water loss from such with 
suitable correction factors are also supposed to serve 
as a dependable guide when evaporation from open water 
surfaces is to be approximated. 4 

The standard pan seems to have been constructed 
with a view to giving maximum effect to the various 
factors which contribute to the rate of evaporation. 
Thus, for example, the sides and bottom of the pan are 
exposed to air, free circulation even under the pan, being 
prescribed. The sides of the pan outside and inside have 
maximum sure to sunshine. The result of. this 
arrangement is that the water in the pan in sunshiny 
warm weather is materially warmer than the surface of a 
broad sheet of water would be, and in cold weather it 
cools off more rapidly. Moreover, the sunshine, which 
is practically continuous from sunrise to sunset at some 
places and very spasmodic at other places, falling upon 
the sides of the pan not only imparts heat to the water in 
the pan by transmission through the metal of which. the 
pan is made and thereby accelerates evaporation, but the 
sides of the pan above the water frequently become quite 
hot and the wind ripples splashing up against and wetting 
these sides and evaporating therefrom unduly increase 
the water loss from the pan, When it is considered that 
an open body of water has only its surface exposed to the 
ce and air and that there are no vertical metal 
confining sides around small areas, then the inadequacy 
of this arrangement. becomes 

The heat of the sun imparted to the sides of the pan 
is not a factor that can be evaluated. Sunshine is not 
continuous; it is not the same from day to day. In the 
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ideal pan its effect should, therefore, be reduced to a 
um 


minimum. 
resent type of standard land pan should be re- 
y another conforming substantially to the follow- 
requirements. (See Fig. 1). 
Phe an should be circular, 4 feet in diameter. It 
should be placed in the ground with earth banked around 
it well above the surface of the water in the pan. The 
rim of the pan should carry an inverted V-shaped rider, 
the inner limb of which should come to within about 1 
inch of the water surface. The purpose of this rider is 
to shield the side of the pan from the direct rays of the 
sun on the inside of the pan down to the water surface 
and on the outside down to the earth fill. ? 

The water in the pan should be at least 15 inches and 
not more than 18 inches deep. [ 

There should be a peg in the center of the pan with 
pointed top. E 

Observations should be taken daily, preferably at 
about 7 a. m. and at 2 to 3 p. m., of temperature of the 
air, of temperature of the water in the pan, of rainfall, 
and of wad velocity. 

From time to time the pan should be refilled to the 
top of the peg. The refilling need not be daily. It 
should preferably be whenever the water has fallen one- 
eighth inch or more below the top of the peg. 

Special observations should always be made when rain 
threatens and immediately after rain ceases to fall. 

The observer should be provided with a standard cup 
preferably of such size that one cup full will represent, 
say, 0.02 or 0.05 inch of depth in the pan. He should be 
instructed to use full cups only in filling the pan and full 
cups only in bailing out the pan to the top of its peg. 

reater refinement will only then be required when 
observations are being made to establish the influence of 
some particular factor on the rate of evaporation. 

The writer has had frequent opportunity of visiting 
so-called floating pans, the measured evaporation from 
which is intended to give a close approximation to the 
evaporation from an open water surface. These pans 
appear in almost every case to be improperly immersed 
in the surrounding water or to be otherwise of a type 
which defeats their purpose. Thus, for example, in the 
case of the evaporation studies made by Desmond Fitz- 
gerald at Boston, he reports that sometimes the difference 
in temperature of the water in his floating pans and of the 
water surrounding these pans was as much as 10° F., and 
yet his record of evaporation has been generally accepted 
as classic, although what was wanted was the evaporation 
from water at the temperature of the surrounding water 
and not that from water at a different temperature. 

The following information is taken from Mr. Fitz- 
gerald’s paper (Trans. A. S. C. E. Vol. XV, p. 596). 

Referring to two small floating pans, the evaporation 
from which was measured during periods from 1876 to 
1882 when the reservoir was not covered with ice, he 
says of certain observations taken every hour of the day 
and night, that these observations led him— 

* * * to infer that, owing to the varying tem 
reservoir and the varying march of these changes according to the 
month of the year, little dependence could be placed on the value 


of the results for application under other conditions, unless some 
relation could be traced by more perfect conditions. 


The large tank of the apparatus installed in 1884 for 
the more refined observations is thus described by him: 


In the center of the raft the tank “A”, 10 feet in diameter and 
10 a ae was immersed. This tank was made of staves of 
wood 1 inch apart except where the hoops were located, so 


placed 
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as to give free access for the outer water to the thin copper linine 
inside. Many holes were bored in the wooden bottom for the same 
urpose. It was expected that this would keep the water insidg 
same, or nearly the same, cee neg as that outside, but this 
was sometimes far from pag the case. On one occasion the 
writer observed a difference of 10° F, 


The flotation effect of the wood wow dl kept the water 
in the tank higher than the outside water.’ 

Again, Prof. F. H. Bigelow reported on the evaporation 
from a battery of ae of various sizes “floating” in water 
at the margin of Salton Sea, Calif. On investigation, 
however, it is found that his were not floating pans in 
the true sense. They were immersed pans with water 
intentionally held 3 or 4 inches higher than the surround- 
ing water. The only influence of the surrounding water 
was to give some measure of temperature control. All 
of the heat in the hot rims of the pans above water went 
into evaporation from the pans and destroyed the value 
of the observations—a fact which should be made gener- 
ally known. 

As a rule, the so-called floating pans are, as in the case 
of the Bigelow pans, insufficiently immersed. The ex- 


-planation given is that thereby more of the side of the 


pa is above the surrounding water and there is less likeli- 
ood of water being splashed into the pan. But all such 
insufficiently immersed pans show more water loss than 
a properly arranged floating pan would show. How much 
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FicurE 1.—Suggested type of standard evaporation pan 


more? What correction factor to use? No one can tell, 
because sunshine is not dependable either as to duration 
or Soop The correction factor would vary from day 
to day and from month to month. 

Reference may be had in this connection to a compari- 
son of evaporation records from two pans recently made, 
at the writer’s suggestion, by the United States Army 
Engineers at Suisun Bay, Calif. Assistant Engineer C. A. 
Mees was in charge of these experiments. The evapora- 
tion from a pert insufficiently immersed which had been 
in use throughout the summer season was compared with 
the evaporation from a properly arr d floating pan 
during the two months October and Novieithier, 1930. 
It appears from the record that in these two relatively 
cool months, the pan which was insufficiently immersed 
showed 10 per cent more evaporation loss than the other. 

The properly arranged floating pan will have its water 
surface at all times lower than the surrounding water. 
The heat which sunshine or warm air then puts into the 
sides of the pan above water will go into the outside 
water and not contribute to a distortion of the evapo- 
ration rates. The floating pan might also to advantage 
be provided with an inverted V-shaped rim rider. 


+ See illustration, Transactions, Am. Soc. O. E., Vol. XV, p. 597. 
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The evaporation measured from such a floating pan, 
not less than 3 by 3 feet square or 4 feet in diameter, 
with not less than 15 inches of water, if placed well off 
shore in fairly deep water should be in reasonably close 
agreement with the actual evaporation from the surround- 

water. 

nough has been said to show that very little depend- 
ence can be placed on most of the records which are ordi- 
narily marshalled to evaluate coefficients for some evapo- 
ration formula or to show the influence of altitude, 
temperature, wind, and vapor pressure. It need only 
be added that the attempts to use ordinary meteoro- 


it may be a pan floating in shallow, marginal, inordinately 
warm water. 

Because of uncertainty of hours and intensity of 
sunshine and because of wide variation in wind effect, 
which is sometimes excessively accelerated by the splash- 
ing of water ripples against heated sides of the pans, the 
Weather Bureau’s standard pans do not fairly indicate 
relative evaporation rates throughout the country. 
This statement is repeated because this fact can not be 
too strongly emphasized. It has, heretofore, been gen- 
erally ignored. These pans, for the same reason, do not 
correctly indicate for their own stations the relative 
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FicurE 2.—The observations at Kingsburg, Calif., on which these curves are based, covered a 4-year period 1881-1885 
Two pans, each 3 feet square were used, one a land pan, embedded; the other a "eal floating in Kings River 


The mean annual evaporation from the land pan was 4.86 feet, from the 


ing pan 3.85 feet 


Conditions were such that the floating pan must have indicated somewhat less evaporation and the Jand pan materially more than that from a large open water surface. 
Co uently, the probable monthly evaporation rates from open water for Kingsburg climatic conditions were approximated by giving the floating pan record three times 


the weight of the land pan record. 


logical data as elements in formulas when these formulas 
are based on some law of evaporation, have generally 
been failures. This results from the fact that it is imprac- 
ticable to use long-time average values of the controlling 
factors in place of these factors as variables in formulas 
which should be integrated from minute to minute, or 
possibly at most from hour to hour. It follows that prac- 
tically all that has been written on the subject of the loss 
of water from lakes and reservoirs by evaporation must 
be read with caution and recourse must be had to original 
data to determine how it may be used, if at all. Not even 
the records of floating pans, as above stated, can be ac- 
cepted without question, because the ‘‘floating pan”’ may 
be and probably is merely a pan suspended in water or 


amount of evaporation month by month. Consequently, 
no correction factor applicable to the records established 
by such pans which would fairly approximate actual 
water surface evaporation can befound. It does not exist. 

There are in California alone some 20 or more points 
at which evaporation from pans is being measured. Of 
the resulting records comparatively few will be helpful in 
a study of the relation of the rate of evaporation from a 
large open water surface to the known meteorological 
conditions. 

The evaporation from pans buried in the ground as 
above described would serve the purpose of comparison 
much better and would also be helpful in throwing some 
needed light on wind effect. 
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When Professor Bigelow was making his experiments 
at Salton Sea, the writer tried to have him devote some 
attention to the determination of the relation of evapora- 
tion to ordinary meteorological conditions, such as mean 
monthly temperature, daily temperature range, relative 
humidity, and wind movement, but without success. 
And yet all experiments thus far made show conclu- 
sively that mean air temperature, for some period of 
considerable duration, such as a month, is frequently a 
fair index of the rate of evaporation from a water sur- 
face. This is due largely to the fact that changes in 
water-surface temperature will follow air-temperature 
changes, and water-surface temperature is a major factor 
of influence on the rate of evaporation. Next in influ- 
ence is the wind movement. ind movement is gener- 
ally 100 to 200 miles per day. No great error would be 
made if its departure in a single month from ordinary 
wind movement were ignored. This fact has led many 
engineers in estimating evaporation to the use of curves 
which show the probable unmodified relation of evapora- 
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Based on the Kingsburg, Calif., eva tion records (see 
Transactions, Am. Boe. Cl. E., Vol. LXXx, pp. 1968 to 
1983) the writer has used with much satisfaction the rela- 
tion expressed in Table 1 and shown in Figure 2, between 
mean monthly temperature and the mean rate of evapora- 
tion, modified by the influence of wind. In individual 
months, due to unusual conditions of humidity and other 
factors, some wide departures are still to be expected. 
The indicated annual in any computation based on the 
table is believed to be fairly dependable, particularly if 
an altitude factor be introduced. 

The rate of evaporation is unquestionably affected by 
air pressure, Evaporation increases as air pressure 
decreases. For the same temperature and wind condi- 
tions it will be greater at high altitudes than at sea level. 
Russell* has suggested that this increase is inversely 
proportional to atmospheric pressure on the surface of 
the water. According to this conception the altitude 
factor might be written 


tion to the mean monthly temperature. This is equiv- ee 30000 
alent to assuming, when better information is lacking, 39 oF 30000—A 
uniformity of aggregate wind movement throughout e 1000 


month of the year. It is astonishing how well such a 
curve will meet ordinary requirements, when annual 
evaporation alone is in question. 

However, it is frequently desirable to approximate 
more closely the evaporation during the individual 
months. Suppose, now, that observations have supplied 
sufficient basic data to establish the relation between 
evaporation and temperature for an observed wind 
movement in some time period, such as a month, then 
the basic rate of evaporation for no wind can be fairly 
well approximated by use of a formula of the type 


E=E'(1+.04-w) 


Here E is the evaporation rate in feet per day when the 
wind movement is w miles per day and £’ is the evapora- 
tion in feet per day for no wind movement. ind 
should be introduced in this equation as measured above 
ground, without reduction to air movement at the water 


or near enough 1+0.000033 A where / is the altitude 
above sea level in feet. This expression is based on the 
well-known fact that atmospheric pressure at sea level is 
equivalent to about 30 inches of mercury and that this 
pressure decreases by about one inch of mercury for each 
1,000 feet altitude. 

The values in the table may, then, until better informa- 
tion is available, be multiplied by this factor and the 
evaporation rate will be approximated from the values 
given in the column headed £’ in the table by 


E=E’(1+0.000033h)(1 + 0.04-+/w) 


Where E is the evaporation per day at h feet altitude 
above sea and at a wind velocity of w miles per day, and 
E’ is the evaporation at sea level in perfectly still air. 
The value of Z’ varies with mean monthly air temperature 
about as shown in the table. 

Because the changes of the water surface temperature 


lag behind the of air temperature, the relation 
EE! =——_—_~= shown in the table between mean air temperature and 
1+ .04yw evaporation has no application to short time periods such 


TaBLE 1.—The relation between evaporation from an open water 
surface and mean monthly temperature 


[Based in the main on the State engineer’s observations at Kingsburg, Calif., 1881-1885] 
{The average monthly wind movement nf Hieber is about 3,000 miles or 100 miles per 
hours, 


as an hour, a day, or a week. Even in the case of a 30- 
day period probability rather than close approximation 
is facdiciatie: It follows that the principal use of the table 
should be to determine annual evaporation from mean 
monthly air temperature, wind movement during the 


day. w=miles of wind movement in he figures in the table indicate the ° 
bale average daily evaporation during months with mean temperatures as noted © Month, and altitude. 
In the first column} ae The values presented in this table and as shown b 
the curves may be used with confidence to establish wit 
| Computed evaporation (+0 sufficient approximation for ordinary purposes the annual 
Mean monthly air tem-| inches per day Yee) dnches Da daw evaporation from open water surfaces wherever located. 
? relatively high the evaporation may be considerably 
q | | | | than the figures Pin the table would indicate. 
q Where humidity is unusually high the evaporation will i& 
0.0005 | 0.0102} 0.0110 / | 0. 0125 probably be less than that given in the table. 
Comm | | | It is interesting to note that the use of the table or the 
Tom ditions similar to those on the Isthmus of Panama a 
little more than 7 feet, which is probably in excess of the 
- 178 “127 199 215 1229 ‘40 actual fact; for the Salton Sea in southeastern California, 
amr | | about 6.2 feet; for Lake Superior, about 17.1 inches; 
488 Russell Asst, Prof. U.S. Signal Corps. See MontHLY WEATHER Review, Sep- 
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for Lake Michigan-Huron, about 24.7 inches; for Lake 
Erie, about 30 inches; for the vicinity of Boston, about 
28.5 inches; for Lake Tahoe, Calif., (altitude 6,230 feet) 
about 22 inches; for Great Salt Lake, Utah (altitude 
4,200 feet) about 26 inches. 


DISCUSSION 
By C. F. Marvin 


Perhaps there is no measurement of a meteorological 
phenomenon concerning which thers is greater diversity 
of view than prevails with reference to evaporation from 
free water surfaces. The Weather Bureau, in choosing 
the present so-called standard t of evaporation pan, 
fully considered Ares cmt all the faulty characteristics 
pointed out by Mr. Grunsky. 

In reaching our decision we are compelled to recognize 
that the observations must be continued, not for a few 
weeks or months, but over periods of several years of 
time, and under the care of observers who are often con- 
scientious enough but, nevertheless, lack the highly 
trained character of engineers or laboratory physicists 
whose minds are always alert, as to sources of error and 
fallacious records. In the case of pans floating in water 
or pans buried deeply in the ground, it is almost surely a 

uestion only of time before an insidious leak develops in 
the seams, or even in the body of the pan itself, out of which 
water passes in unknown quantities, always measured as 
so much evaporation. Maintenance of a proper condition 
of cleanliness is difficult, unless the pan can be thor- 
oughly washed and rinsed, a process much simplified when 
the water can be poured out. 
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Mr. Grunsky’s criticism that the Weather Bureau type 
of pan is so freely exposed to the air, even underneath, 
that its temperature fluctuates widely, is true, but this 
construction is one that permits of the discovery of leaks 
and faults of the apparatus that perhaps might otherwise 
escape the notice of a careful observer. 

Moreover, the conditions that surround the standard 
Weather Bureau pan undoubtedly lead to a larger quan- 
tity of evaporation than that representing conditions over 
large, free surfaces of reservoirs, lakes, etc. However, 
this larger evaporation admits of a more accurate meas- 
urement, and its subsequent correction is a subtractive 
reduction of the actual observation, involving in prin- 
ciple a greater accuracy than would otherwise be the case; 
that is, the engineer in using these data is on the safe 
side, inasmuch as the evaporation may be really less than 
that estimated from the observations. 

While these remarks are applicable to the Weather 
Bureau practice, there is a full realization of the decided 
advantage of making evaporation measurements that 
require no consequential correction of any kind. How- 
ever, this concept presupposes that the evaporation 
characteristic of a given climate is a definite and constant 
thing for all possible utilization, such, for example, as the 
water losses from open reservoirs, water losses from vege- 
tation by transpiration, forest cover, etc. Each of these 
uses of the evaporation characteristic of a given locality 
is contemplated in the data being collected by the 
Weather Bureau, and while our results may have a 
limited value for determining the exact evaporation 
from a free reservoir surface, they may have greater value 
for other uses. 


RELATIVE FREQUENCY OF CENTERS OF CYCLONES AND ANTICYCLONES IN THE 
UNITED STATES 


Eric C. MILLER 
Weather Bureau, Madison, Wis. 


Cyclones and anticyclones are difficult to deal with 
statistically, hence have not received attention in propor- 
tion to their importance as climatic elements. This 
paper attempts what may be called a ‘‘census”’ of the 
number of centers that appear in each 5° square of lati- 
tude and longitude, at the 8 a. m. and 8 p. m. (eastern 
standard time) observations, per month and per annum. 

In order to eliminate the varying lengths of the months, 
the monthly data have been reduced to the number of 
occurrences per 1,000 observations. For the year, the 
number of centers per annum per 5° square are given here. 

The monthly and annual statistics have been entered 
at the center of each square, and lines of equal frequenc 
drawn. Graphs showing the march of frequency throug 
the year have also been drawn for each square, and these 
have been transferred to maps of the United States on the 
Mercator projection, so that each square is of the same 
width in longitude. 

Before enumerating the results of this study, it must be 

inted out that these statistics differ from those of 

arriott (1) and Kullmer (2), which show the number of 
centers that passed across the individual squares. The 
present paper counts only those centers that were in the 
square at the two daily observations. 
PMs charts and graphs accompanying this paper show 

(1) The number of centers, of both cyclones and anti- 
cyclones, is greater in the interior of the continent than 


around the margins. Mark Twain, in a famous after- 
dinner 5 (3) has called attention to the variability 
of New England weather. These charts show more than 
twice as many centers over the Great Lakes and the 
Plains asin New England. Success in weather forecasting 
(4) is negatively correlated with the number of centers, 
and is at a minimum in the Lake region. 

(2) A center of maximum frequency of cyclones exists 
in Saskatchewan at all seasons. 

(3) There is a maximum of frequency of cyclones in 
the Lake region in July and_ August, in the West Gulf 
States in January. The intervening States show two 
maxima, one in spring, another in autumn, corresponding 
to the popular tradition of the ‘‘equinoctial storm,” 
and also to two maxima of rainfall; e. g. in eastern and 
southern Wisconsin. Whether there is continuous travel 
of a “polar front,” or tendency to steep temperature 
gradients, back and forth from the 30° parallel to the 50° 
parallel of latitude, may be worth investigating. 

(4) In winter, a loop of maximum frequency of anti- 
cyclones extends from Saskatchewan to the southern 
Appalachians. 

(5) Centers of anticyclones have a maximum of fre- 
quency in Oregon and Washington in summer, when the 
semipermanent anticyclone in the Pacific is at its greatest 
intensity. 

(6) Maxima of frequency of anticyclones appear 
successively in contiguous regions as follows: July to 
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FIGURE 1.—Relative frequency of cyclones by months 
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Ficurs 2.—Relative frequency of anticyclones by months 
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INTERNATIONAL RESEARCH COUNCIL—THIRD REPORT OF THE COMMISSION 
APPOINTED TO FURTHER THE STUDY OF SOLAR AND TERRESTRIAL RELA- 


TIONSHIPS 


By Herpert H. 
[Weather Bureau, Washington, February 3, 1932) 


This important report is made up of 40 short papers 
by 44 different authors, on a great variety of subjects. 

hree of these are of special interest to meteorologists, 
as follows: 

(1) Report on solar and terrestrial relationships, by 
C. G. Abbot. In this report the author anticipates some 
results that will be given in Volume V of the Annals of 
the Astrophysical Observatory, which is soon to be 
published, and which will summarize the work of the 
observatory to the end of the year 1930. Quoting from 
the report: 


The — features and many details of the sun’s variation 
since 1918 are found to be the sum of five regular periodicities. 
Their peace are 65, 45, 25, 11, and 8 months. Their amplitudes 
are 0.014, 0.013, 0.010, 0.009, and 0.005 calorie, respectively. 
Between times when they all reinforce each other to increase the 
solar radiation and to decrease it, there is a range of 0.102 calorie, 
or about 5 per cent. This was not entirely reached at any time 
ane 1918, the nearest approach of about 3 per cent occurring in 


922. 

Superposed on this background of fairly permanent long-period 
periodicities are many periodicities and also irregular solar fluctua- 
tions of shorter intervals. Among these are sequences of solar 
change running their course upward or downward in a week or 
less. We are able to discriminate these with fair certainty if they 
exceed 0.45 per cent, by the daily observations of our best station, 
Montezuma. The other stations show sufficient evidence of cor- 
relation to establish a very strong probability of the veridity of 
these small changes, but have not sufficient accuracy or continuity 
to duplicate them all as we would like to see them do. However, 
the temperatures of Washington and other stations in the United 
States show so obvious a dependence upon these sequences of solar 
variation, discovered in the observations of Montezuma, Chile, 
as to be an independent verification of them. 


(2) Relation of World Weather to solar radiation 
changes, by H. Helm Clayton. Pe 

The author refers to work begun by him in 1916 which 
showed a correlation between periodicities in weather 
changes and in solar activity as evidenced by both solar 
constant values and sunspot relative numbers. In the 
present paper he states: 


_, rhe annual solar variation means show an 11-year period, but 
it is not the dominating period as in the case of sunspots. There 
are found instead marked oscillations of a few days in length, other 
oscillations of about 30 weeks, of about 5 months, of 8 months, of 
11 months, of 22-28 months, 45 months, etc., which have ampli- 
tudes approximately as great as that of the 11-year period. 
; e temperature and pressure show similar oscillations, and it 
1s of importance to note that these terresirial changes show a simi- 
larity to solar radiation changes and not to sunspot curves. 
The short periods found approximate to fractions of the 11.25 
re sunspot period or the double sunspot period of 22.5 years. 
t is hence assumed that they are harmonies of this longer period. 


For a summary of Clayton’s paper we will quote the 
following paragraph: 


MOVING WAVES OF WEATHER 


ara ceeniing of solar influences is rendered very difficult by 
¢ e discovery that following oscillations in intensity of solar radia- 

on something in the nature of pressure and temperature waves are 
sent out from certain centers of action, more especially from the 


‘inclusive, meteorologists an 


polar areas. These moving waves are the chief cause of weather 
changes. They progress with a velocity proportional to the length 
of the oscillation of the solar pulsation, that is, oscillations of short 
duration produce waves which move rapidly and oscillations of 
long duration produce waves which move slowly. The combined 
effect is the complex condition found on our weather maps. 


In this paragraph the author has given a clear picture 
of the cause of weather changes in the pressure and tem- 
perature waves sent out from certain centers of action, more 
especially the polar areas. ‘The attempt to connect these 
waves with oscillations in intensity of solar radiation 
requires observational proof, which at present is lacking, 
and especially as the waves are most pronounced at the 
season of the year when the polar region from which they 
appear to move is receiving no solar radiation. : 

(3) Ultraviolet solar radiation and its relation to the 
solar constant, solar activity, the ozone content, and the 
turbidity of the earth’s atmosphere, by Walter E, 
Bernheimer. 

In this paper we have the views of an astronomer on the 
question of solar-constant variations, as follows: 

The recently published values of the solar constant make it 
possible to treat the material to April, 1931. The general march 
without secondary fluctuations, calculated in like manner as for the 
ultra-violet solar radiation, is shown in the upper part of Figure 2 
(not reproduced). It will be seen that the solar constant reaches 
@ maximum about half a year before sunspot maixmum. The 
minimum of the smoothed solar constant occurs in April, 1929; 
after that the values become successively higher, and reach nearly 
a maximum in the spring of 1931, while sunspot relative numbers 
in general are falling off from maximum to the approaching mini- 
mum in the solar cycle. 

It seems therefore as though solar radiation were quite inde- 
pendent of solar activity. A direct comparison between the march 
of ultra-violet solar radiation and the solar constant * * * 
reveals a tendency somewhat fatal to the theory that both quan- 
tities are correlated and have a common physical source. If the 
reality of a fluctuation in the total and the ultra-violet radiation 
should be proved, much further work will be needed to find the 
cause for the strange fact that solar radiation measured in the 
main spectrum, and solar radiation measured in the short wave- 
lengths, manifest a quite different behaviour, and that the march of 
both quantities is obviously not related to the general variations of 
solar activity. We may also state that aurorae and terrestrial 
magnetism are the only phenomena which obviously vary in 
accordance with the solar activity. 


During the polar year A t, 1932, to August, 1933, 

d meteorological services of 
the world will unite in a study of meteorological conditions 
in both Arctic and Antarctic regions, with a view to 
determining their influence upon the weather in lower 
latitudes. The program includes solar radiation meas- 
urements, but hardly of the character that are required 
to measure solar variability, except as it is reflected in 
magnetic measurements. The work should, however, 
shed light upon the origin and movements of the great 
surges of air that move at frequent intervals from polar 
to equatorial regions, and vice versa, and which are the 
cause of the frequent and marked weather changes in 
middle latitudes. 
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SOUNDING-BALLOON OBSERVATIONS MADE AT ROYAL CENTER, IND., DURING 
THE INTERNATIONAL MONTH, FEBRUARY, 1931 | 


By Leroy T. 
[Weather Bureau, Washington, D. C., August, 1931} 


In cooperation with the International Commission for 
the Exploration of the Upper Atmosphere, the Weather 
Bureau conducted a series of sounding-balloon observa- 
tions at the Royal Center,’ Ind., aerological station during 
the international month, February, 1931. The same 
general program was followed as during the international 
months of previous years since 1926, and the reader is 
referred to references (1), (2), (3), and (4) for further 
details regarding this. | 

In several respects, however, new features were intro- 
duced during this series which proved to be of material 
advantage. These were: (1) An increase in the length 
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Figure 1.—Landing places (with dates of ascent) of meteorographs released from Royal 
Center, Ind., during February, 1931 


of the cord between the balloon and the meteorograph to 
approximately 80 feet. This eliminated the vibration of 
the instrument and resulted in very satisfactory traces on 
the record sheet; (2) the use of a device which permitted 
the balloon, after bursting, to become detached from the 
meteorograph and parachute. This resulted in a more 
satisfactory rate of descent of the instrument. A detailed 
description of this detaching device may be found in 
reference (5); (3) the difficulty of launching a balloon 
with the meteorograph tied a considerable distance below 
it during a moderate or strong wind was overcome by 
eunsting it from an automobile while driving with the 
wind. 

There were 38 balloons released during the month and 
in 7 cases two meteorographs were attached to the same 
balloon in order to determine the agreement between the 
individual records. In only 2 of the 7 cases (seventh and 
eleventh) was it possible to make detailed comparisons. 
In these the agreement was found to be excellent, the 
temperature at all points in the records agreeing to 
within 2° C. at any particular altitude. In the record 


1 Lat. 40° 53’ N., long. 86° 20’ W. 


of the seventh the maximum altitudes as determined 
separately by the two instruments were 16,963 and 17,043 
meters, respectively, or a variation of only one-half per 
cent. Further details regarding this comparison may be 
found in reference (6). 

In four cases additional balloons were released shortly 
after sunset to determine the effect of insolation upon the 
meteorograph. The plan was to compare the temperature 
record with that obtained in the regular observation made 
about one hour before sunset. In only one case (the 
flights of the second) was a comparison possible. The 
temperatures in this case agreed to within 1° C. at any 
particular altitude within the troposphere, but the record 
of the second instrument indicated a temperature of about 
5° C. lower in the stratosphere. Whether this was a 
result of insolation or instrumental error is uncertain and 
additional tests of this kind are therefore desirable. Fur- 
ther details regarding this comparison may be found in 
reference (6). 

Out of a total of 45 meteorographs released, 42 (93 per 
cent) were returned. 

Table 1 contains a summary of the individual observa- 
tions. The landing places are shown in Figure 1. 

The average altitude reached during the series was 
13,665 meters, and the extreme height reached was 
27,683 meters on the 15th. The next highest altitude 
reached was 18,074 meters on the 24th. o 

Following are some of the significant features of the 
tropopause obtained for the more recent monthly series 
of sounding-balloon observations made in this country. 


Mean Mean | 
height temper-| mum mum 
ature jheight of 
Place Date pf. of tropo- 
PO- | tropo- use | pa 
pause 
Meters, Meters, 
M.S.L| °C. |M.S.L. 
Royal Center, Ind.---- February, 1931..| 10,307 | —61.1 | 11,550 
Royal Center, Ind. (4).| September; 1930_|12,914 | —50.3 | 14,615 
Broken Arrow, Okla.(3)} December, 1929.) 10,083 | —54.0 12,212 
Groesbeck, Tex. (2)....| October, 1927....| 14,823 | —65.5 | 17, 467 
Royal Center, Ind. (1) .| May, 1926__..... 12,011 | —58.4 5, 840 


The lower average height of the tropopause at Royal 
Center in February than in September and May is to be 
expected; likewise, the correspoadingly lower tempera- 
ture for a winter month. 

The mean temperature curve for the month, together 
with the altitude and temperature of the tropopause for 
the individual observations and the corresponding dates, 
is shown in Figure 2. The portion of the curve above 18 
kilometers must be accepted with reservation since it is 
based on only a single observation. 

The maximum monthly average lapse rate and the 
altitude interval at which it occurred is given below for 
Oe various monthly series referred to in the preceding 
table. 


Maximum 
Date av 
of occur- 
lapse rate rence 
Royal Center, Ind _| February, 1931 
enter, ebruary, 1931........ 
Royal Center, Ind, September, 1930..-.-.- 9-10 
Broken Arrow, Okla. (3)............... December, 1929-...... 77 67 
Groes » Tex. (2).. October, 1927........ 79 
Royal Center, Ind. 71 7: 
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It will be noted that the maximum average lapse rate Temperature (°C) 
for the present series was greater than that for the TO 
a months of May and September at this station in previous 
series. | 
In Figure 3, are shown the individual temperature- rad 


altitude curves. The surface temperature is indicated at 
the bottom of each curve and the temperature at the 
maximum altitude at the top. The wind directions, 
whenever observed, are indicated for the standard levels ae 
adjacent to the corresponding curves. Conspicuous in 
these wind directions are those for the 24th, when an ; 
easterly component persisted throughout the troposphere. 3 
The winds in the stratosphere on this date were westerly. | * 
The continuation of easterly winds to such high elevations 2 Es 
in the winter season at this latitude is observed only Dy 
occasionally and was evidently the result of abnormally a 
high temperatures over the Great Lakes which resulted ie 
in a reversal of the normal latitudinal temperature 2 
gradient. | 20 

In Figure 4 are shown the free-air isotherms for the 
month with dates indicated across the top. 

The relatively small fluctuation in the height of the 
tropopause throughout the month is noticeable. 

igure 5 shows the mean wind velocity and direction “e | S 


curves for the month. The increase indicated in the 
average velocity after the stratosphere is reached is 
doubtful, since the curve is based on less than five ob- 
servations at and above 12 kilometers. The mean direc- 


Ni 
tion is very constant. <iet 
In Table 2 are given the tabulated data of the individual x 
ascents. The elevation of the tropopause has been ~, 
indicated in each case where it was observed. The N 
eating humidities as recorded have been included, but x ud 
the uncertainty of hair hygrographs at temperatures 
below —15° C. must be kept in mind. q : 
References to sounding-balloon observations made in S é 
this peg previous to 1926 may be found listed on K : 
page 302 of reference (1). R72 se 
(2) Monthly Weather Review, June, 1929. | tropopause | : 
Monthly Weather Revicor tin 
ovemper., 5 
(5) Monthly Weather Review, February, 1931. 20k - 
(6) Monthly Weather Review, June, 1931. | \ : 
/4a 
1.—Summary of sounding-balloon ascenis made at Royal 
Center, nd., during February, 1931 | Aegion of maximum 
mum 
80th mer. of base,| ature |reached,) “re.” lodolites| odolite| from | from 6 
base | | corded station | station 
Maers| °C. | Meters | °c. | aberd.| | Km. 
1 4:08 p. m__.| 10,625 | —61.4| 14,000| 7 | ESE 
2 | 3:55p.m__.| 10,021 | —61.7| 11,382 | —61.7 73 | SSE. : 
2 | 5:18 p. 11,014 | —65.1| 12,847 | —65.1 0 0 | 
8 | 3:68 p. 11,024 | —66.9| 12160 | —67.1 202 | ENE 
9 | 7:06a.m...| 10,914 | —58.0| 13,831; —580/ 31 36 153 | ENE. a 
9/401p.m...| |....-... 3193 7 ™% 
10 | 4:10 p. m__.| 9,333 | —63.3| 9522/—-633| 26 | 34 | ‘02/8 
7,171 | —36.5 1 8 94 
12 | 744 8: 10,378 | —623| 
12 | 4:01 p. m. 9,715 | —63.6 | 11,970 | —63.6 9 180 | E 
13 | 7:26 8. 10,236 | =61.1 | 10,929|—61.1| 0 i E. 


FIGURE 2,—Mean temperature (°C) for February 
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TaBLe 2.—Tabulated data of sou 
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SERIOUS EROSION CAUSED BY HEAVY RAIN OF JULY 30, 1931, NEAR COLFAX, WASH. 


By W. A. Rockiz 


On July 30, 1931, the weather conditions near Pullman, 
Wash., were such as would normally result in a severe 
thunderstorm. A heavy cumulus cloud formed and hung 
to the west of town for several hours during the afternoon 
and evening. The storm cloud did not advance east- 
ward toward Pullman as would normally be expected in 
this region but instead it expended its force and violence 
practically where it formed. There was but a trace of 
rain at Pullman; Lewiston had 0.02; Colfax had 0.21; 
Lacrosse had 0.14; Moscow had 0.06; but none of these 
points were in the area of the real rain. The real storm 
occurred over an area of about 50 square miles centering 
around the point where the Colfax-Almota road crosses 
Union Flat Creek. No severe rain occurred more than 
5 miles from this point. This area is located about 10 
miles west of the erosion station farm. 

According to climatological data for the Washington 
section * precipitation was recorded on this date at 30 
out of 105 stations listed in the Eastern Washington 
division (approximately eastern three-fifths of the State). 
The same publication of the Idaho section * shows that 
rain occurred on the same day at 64 out of 103 stations 
in the State of Idaho. The wide extent and very gen- 
erally rainy tendency on this date in both Washington 
and Idaho, even though the rains were generally of neg- 
ligible amount, shows that conditions were very favorable 
for precipitation in all parts of the region. The records 
of both Washington and Idaho are shown because Pull- 
man is only a few miles from the Idaho line. 

On the following day the Spokane newspaper contained 
a very graphic account of a “‘cloud-burst”’ that occurred 
on the area mentioned. The newspaper accounts of this 
rain were all centered upon the damage to personal prop- 
erty and to physical improvements loated in great part 


_ | The writer wishes to express ap ion to P. C. McGrew cultural engineer 
in the Bureau of Agricultural Ragineates, bee the photographie illustrations ‘hich 
seompeny this arti = 1, Superintendent, Pacific Northwest Soil Erosion Experiment 
ni Climatological data, Washington section, U. 8. Weather Bureau, Vol, XXXV, 


0. 7, p. 53. 
. 3 ail data, Idaho section, U. S. Weather Bureau, Vol. XXXIV, No, 7, 


downstream from the points where the heaviest rain 
fell. These reports were apparently very conservatively 
stated. In fact, they did not begin to tell the story of the 
damage that had actually occurred. 

The several succeeding days were spent examining the 
area which had suffered from this rain storm. Accord- 
ing to all information and evidence the heavy rain must 
have lasted only a very short period. Verbal accounts 
of the time of the rain itself differ considerably within 
the region affected. The only accurate record which 
we were able to obtain regarding the amount of rain 
which fell was obtained from Mr. W. P. Gilbert a farmer 
living just inside the limits of the area which showed 
evidence of the heavy rainfall. At his house, which was 
very close to the northeastern edge of the storm, 1.6 
inches were recorded in 20 minutes, while on a more dis- 
tant part of his farm 1 mile to the westward his measur- 
ing gage (a straight-sided can) actually caught 3 inches 
of water. He was at the house during the rain’ While 
it is quite possible that more rain fell at some individual 
spots within the area than these records indicate we have 
not been able to secure any other figures. Mr. Gilbert 
has been keeping rainfall records at his farm in past years 
and we believe that his records are reliable. 

The farm land within the area is typical of Palouse 
topography and is characterized by Palouse silt loam soil. 
It has fully as rough a topography as the average within 
the region, having many cultivated slopes in excess of 
50 per cent gradient. The dominant farm crop rotation 
in the area is winter wheat and summer fallow. Some 
other crop conditions which were observed following the 
storm were spring wheat, alfalfa, bunch grass pasture, 
and fall wheat seeded in summer for summer pasture. 
A complete survey of the crop conditions was not at- 
wees so other crops were also undoubtedly present. 

The damage done to the land through erosion by this 
heavy rain was directly related to the vegetation which 
covered any given field on that date. The summer 
fallow land eroded to plow sole but did not generally go 
below that line. Individual fields containing several 
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FIGURE 1.—Erosion from rain of July 30, 1931. 


by P. C. McGrew) 


Upper slope is fallow and lower slope is winter 
wheat planted late (probably about June 1) for summer pasture. 
close and is only 1 to 2inches high but the root growth was very effective in stopping erosion. 


This wheat was pastured 
Location: SE. 4 sec. 7, T. 15 N., R. 43 E., Whitman County, Wash. 


August 1, 1931. (Photo 


FIGURE 2.—Erosion on 40 per cent slope of field in summer-fallow from rain of July 30, 1931. 
Ditches go to plow pan and are 5 to 10 inches deep. Location: Holbrook farm, sec. 21, T. 15 N., 
R. 43 E., Whitman County, Wash. (Photo by P. C. MeGrew) 


FIGURE 3.—Erosion on 40 per cent slope of field in summer-fallow from rain of July 30, 1931. 
Ditches go to plow pan and are 5 to 10 inches deep. Location: Holbrook farm, sec. 21, 
R. 43 E., Whitman County, Wash. August 1, 1931. 


T.15N., 
(Photo by P. C. McGrew) 
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soil from their entire acreage. This has been estimated 
to have a distributed loss as follows: 25 per cent of the 
area lost 6 inches or more of soil and the se 75 
per cent lost from 1 to 6 inches. It is firmly believed by 
the writer that no summer fallow land lost less than 1 
inch of soil during the storm. Individual tracts of 1 
acre were found which had lost 6 inches or more of soil 
over 90 per cent of that acre. Individual areas of one- 
tenth acre each were found to have lost from 8 to 10 
inches of soil from 100 per cent of their area. The indi- 
vidual rivulets and ies dug down as far as the soil 
had ever been loosened. On the farms where deeper 
plowing had been practiced the soil losses were, therefore, 
robably greater. The washing of the soil in summer- 
allowed areas was found to have started within 15 feet 
and, in some instances, less distance from the ridge top. 
It appeared certain, therefore, that 15 feet of watershed 
was sufficient to start washing practically to paw. pan 
and this destructive action tended to increase downward 
toward the draws. 

The individual gullies washed in this loose-plowed soil 
were generally from 3 inches to 1 foot in width but with 
the slightest tendency toward a union of two or three or 
more of these smaller gullies a much more destructive 
condition resulted which produced thousands of gullies 
within the area from 5 to 10 feet in width with the plow 
sole as the gully floor... The side walls of these individual 
gullies were for the seg ed as nearly vertical as loose 
moist Palouse silt loam will stand. ‘ 

The marks of the plow at the plow sole were plainly 
evident in all of these flat bottomed gullies. Since most 
of the plowing in the region is done with the contour this 
usually caused the sl marks to be perpendicular to the 
direction of the gulley but occasionally in flat basinlike 
areas at the foot of a steep slope these perfectly preserved 
marks of the. plow on the heavy solid clay loam subsoil 
were ve portrayed. 

The wheat in some of the fields had just been harvested, 
while on others the ripe fall wheat or nearly 5 spring 
wheat was still standing. The same heavy rain falling on 
either stubble orstanding ripe, or nearly ripe wheat, caused 
practically no damage. Occasionally sufficient surface 
water washed from a wheat field to form a definite channel 
on the slope knocking flat the wheat within that channel 
from its vertical position but in no instance was this 
stream found to have dug into the soil. Even this stream 
of water was the exception and on most of the wheat it 
appeared that the rain either went entirely into the 
ground or so much of it did so that there was not enough 
water run off to make rivulets of sufficient size to leave 
any evidence. 

veral alfalfa fields were carefully examined and on 
none of them could the slightest evidence of soil washi 
be found. These alfalfa fields had new upright shoots o 
alfalfa which. were usually less than 12 inches in height 
and rather scattering, since from July 1 up to the date 
of the rain the weather had been very dry. One field 


which had been seeded to alfalfa in the spring of this 
year had a rather sparse growth, and even this did not 
show any soil or water losses from the slopes. 

Similarly, a portion of a field most of which had been 
left in summer fallow had been seeded in early summer 
to fall wheat for summer pasture. From the nipped 
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hundred acres unquestionably lost as much as 2 inches of condition of all of this wheat pasture it was apparent 


that it had been pastured continuously during the entire 
summer period and practically no spears of the plants 
were as much as one inch above the und surface. 
This pasture area occupied a draw and the lower half of 
the steep adjoining slopes. Above on both slopes was 
summer fallow. The summer fallow was completely 
riddled by thousands of shallow gashes but these gashes 
omnes exactly at the upper edge of the wheat pasture 
in all instances; there were no exceptions. 

Certain areas were found where summer fallow occupied 
the head of a watershed, some totaling a very few acres, 
others hundreds of acres. On certain areas summer 
fallow was found to cover the ridges, with ripe wheat 
or some other crop on the lower slopes. In other instances 
this condition was reversed, thus giving a complete check 
on just what part each vegetative condition played in 
the control of this great amount of water dumped onto 
the land in a very short time. No matter what topo- 

aphic position the summer fallow occupied, erosion 

egan within a few feet of the upper edge or upper level 
of the summer fallow, and in like manner no matter what 
topographic position the vegetative cover occupied, evi- 
dence of erosion of the soil ceased upon entering any 
vegetative area. 
he physical evidence of the speed with which the 
rain fell and the flood formed and flowed away is best 
illustrated by the following facts. From a 3-acre water- 
shed of summer fallow a violent stream of mud about 
40 feet wide laid flat a standing crop of wheat in the 
draw which drained these 3 acres. After the fiood had 
passed numerous soil ‘‘bowlders” were found lodged all 
along this draw for as far as 1,500 feet from the summer 
fallow. These bowlders consisted of the rounded cores 
of huge clods’of dry black surface soil from the summer 
fallow which had been pase up, dragged along the 
bottom of the flood for distances up to 1,500 feet, and 
worn into true rounded “bowlders.” All these move- 
ments were accomplished before these ‘‘bowlders” had a 
chance to moisten, else they would have disintegrated to 
loose, mellow soil. Had they been of clay subsoil material, 
this would not necessarily be true, but with black Palouse 
silt loam, such “‘bowlders” could form only of dry, hard 
material. 

It mattered not what that vegetation was, how steep 
the slope might be nor how much momentum the flood 
had been given by a long slope of summer fallow above, 
the erosion stopper when vegetation was encountered. 
Further than that all vegetation which had any appre- 
ciable height acted as a strainer or filter causing the 
silt, which was being carried in suspension by the run-off 
waters, to settle. The result of this was that wherever 
a flood of water from summer fallow went through any 
vegetative area there remained afterward a freshly de- 
posited silt layer on top of the old soil surface. The depth 
of this layer naturally decreased as the distance from the 
summer fallow increased. 

These observations all indicate one fact, namely, that 
vegetative growth is a most effective control of soil wash- 
ng ae of run-off moisture losses. 

he individual characteristics of each vegetative type 
or plant are undoubtedly factors of importance in this 
regard, but no study was made of these details. 
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STORM DAMAGE AT COLUMBUS, OHIO, JANUARY 26, 1932 


By Orvitte E. 
[Weather Bureau, Columbus, Ohio] 


A storm with winds of <a and certain 
tornadic characteristics occurred a lumbus, Ohio, on 
January 26, 1932. One person was injured and the value 
of the property destroyed was estimated to be between 
$3,000 and $4,000. 

Nearly all the damage was reported from two different 
sections of the city and, although the two sections are 
separated by a distance of about 5 miles, the damaging 
winds occurred at nearly the same time in the two places. 
The damage reported from other sections of the city was 
of a minor nature and was confined to billboards, wires, 
trees, etc. 

The greater portion of the damage occurred in a section 
near the center of the city and a mile and a quarter 
directly north of the Weather Bureau station. The dam- 
age at this point extended from Summit Street, in a north- 
easterly direction, diagonally across Hamlet Street and 
East Second Avenue and into North Fourth Street. 
pr damage was caused to a residence on the west side 
of Summit Street and a billboard was blown down on the 
east side of the street. From this point the path crossed 
a vacant space about one block in extent. On the east 
side of Hamlet Street the roofs of the upper story porches 
on an 8-family duplex row were carried away aut depos: 
ited in the street to the northeast of the building. On 
the north side of East Second Avenue the south wall of 
the second story of a 2-story brick dwelling was blown in. 
The brick and débris of the wall fell over a bed in which 
a woman and her 9-year-old daughter had just retired. 
The woman was painfully injured but the little girl was 
unhurt. At another residence on the north side of East 
Second Avenue, a falling chimney crashed through the 
roof and directly to the northeast, on the west side of 
North Fourth Street, a brick wall extending about 3 feet 
above the roof of a row of 2-story flats was blown east- 
ward crashing the verandas of the entrances to six of the 
a ents in the row. The wall formed a false front to 

e row of apartments and the portion of the wall blown 
over was about 60 feet in length, a portion of the false 
front remained intact at either end of the building. 

The débris from the roofs and brick walls had been 
cleared from the streets immediately so that when the 
scene was visited it was impossible to detect whether or 
not there had been any whorl as would be expected in a 
tornado. However, the path of destruction was remark- 
ably straight and narrow and the direction was from the 
southwest to the northeast. The total length of the path 
was about 1,000 feet—a part of it being over vacant, 
treeless ground—and the width about 60 feet. 

_The other scene of destruction was at a point almost 
directly east of the Weather Bureau station and about 
4% es distant. Here a frame barn was completely 
wrecked, the foundation blown clean, and the various 
parts of the building with its contents—rye straw in 
over more than an acre of ground. 

his place is located on the east edge of the city and the 
dwellings are far apart which probably accounts for the 
fact that sas hae one building was damaged directly by 
the wind. e barn was located about 70 feet to the 


southwest of the dwelling and a large section of the barn, 


possibly the flooring in the loft, was hurled against the 
dwelling, smashing in a small porch on the southwest 
corner of the house. A piece of timber from the barn, 2 
by 4 inches and about 5 feet long, was hurled endways 

ost through the second-story wall of the frame dwelling. 

The strong southeasterly component of the wind was 
clearly shown by the destruction of the barn. In fact, 
the building seems to have been crushed by a force from 
the southeast and then caught up immediately by the 
southwest wind and scattered towards the northeast. A 
large piece of the siding of the barn, weighing possibly 
500 pounds, was carried clear of the ground to a point 
about 100 feet directly north of the cement foundation. 
Another portion of the building weighing about 200 
pounds was thrown to the northwest of the foundation, 
about 50 feet away. This latter object was in a position 
indicating clearly that it had been carried by a south- 
easterly wind. A small fruit tree standing several feet 
to the northwest of the foundation caught the straw in 
its branches and the position of the straws shows that 
the final direction of the wind was from the southwest. 
Several other small orchard trees standing to northwest, 
north, and northeast of the barn foundation also caught 
the long rye straws in their branches and the straws were 
drawn tightly over the branches and pointing north- 
easterly. 

The various instruments at the station indicated that 
the wind shift line passed over between 10:35 p. m. and 
10:40p.m. The lowest station pressure was 28.79 inches 
about 10:30 p. m,. the fall from noon being about 0.45 
inch. At the time of the shift the barograph pen rose 
suddenly for about 0.05 inch and then continued in a 
steady, rapid rise. The temperature dropped 8° or 9° 
from about 45°, in less than 30 minutes. The surface 
wind had been steadily from the southeast for several 
hours and shifted to the south at 10:35 p. m. and to the 
southwest about 3 minutes later. For two minutes the 
wind was from the southwest about this time and then 
became steady from the southwest. The maximum 
velocity recorded at the station was 30 miles from the 
southwest at 10:40 p. m. with an extreme velocity of 31 
miles. Light rain fell during a considerable portion of 
the day with a small amount of hail when the wind 
shifted. No thunder was heard during the storm but 
thunderstorms were reported from the southern portion 
of the State on the evening of the 26th. 

The weather map showed a weak Low over western 
Nebraska on the morning of the 26th. At 7:40 p.m. a 
center was located a short distance south of Indianapolis 
and on the morning of the 27th it appeared near Canton, 
N. Y., so that the center of the disturbance was probabl 
passing to the northeast at a point about 100 miles nort. 
of Columbus at the time of the storm winds. Between 
the time of the p. m. observation of the 26th and the a. m. 
observation of the 27th the center of the Low apparently 
shifted over a distance of more than 600 miles or at a rate 
of over 50 miles per hour. By the morning of the 28th 
the Low had increased considerably in intensity and moved 
a position near Newfoundland with a center below 

9 inches. 
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STICKEL ON THE MEASUREMENT AND INTERPRETATION OF FOREST-FIRE WEATHER 
IN THE WESTERN ADIRONDACKS ' 


By R. Stevens 


The author summarizes the results of an investigation 
made jointly at Cranberry Lake, N. Y., by the New 
York State College of Forestry and the Northeastern 
Forest Experiment Station. 

The study was initiated in the early summer of 1925 
and was carried on for a period of seven months annually 
(April up to and including 1929. The 
author had t main objectives in view: 

(a) To study the relation between forest fire hazard and weather 
conditions; (b) to determine whether current conditions of hazard 
can be estimated by means of simple meteorological instrumenta- 
tion; and (c) to show in a general way the application of such an 
— ” hazard and weather forecast to specific problems of fire 
control. 

The first objective led to an investigation of the 
influence of the various weather elements on the inflam- 
mability of forest fuels, a that of the duff layer. 
Since inflammability and the rate of spread of fire depend 
largely upon the amount of water present in the com- 
bustible materials, duff moisture is an important factor 
in fire danger. This factor, however, is not observed at 
weather stations. For this reason, the author has 
attempted to devise some means of correlating certain 
weather elements with duff moisture so that meteorol- 
ogists can estimate and forecast fire hazard by the use of 
ordinary meteorological instruments only. 

After thorough investigation, it was found that the best 
index of duff moisture content is afforded by the three 


1 Bulletin of the New York State College of Forestry atS yracuse University. Tech- 
nical Publication No. 34. . 


factors jointly, air temperature, number of hours since 
last measurable rainfall, and evaporation per hour. 
The relationship between these variables was obtained 
by means of curvilinear multiple correlation, and the 
resulting equation solved by means of an alinement chart. 
For observations taken at 2 p. m. the alienation index is 
0.499, which means that 49.9 per cent of the variability of 
duff moisture content is due to factors other than those 
named. It is unfortunate, from the meteorologist’s 
point of view, that evaporation per hour is such an _. 
tant factor, because that element also is not observed at 
weather stations. 

An intensive study of duff inflammability was made 
with different kinds of fire brands. From this investiga- 
= the author obtained the following inflammability 
chart: 


Degree of Surface duff moisture 
haserd content Effective fire brands 
Extreme.__...-. Below 6 per cent _._.-- Cigarettes, locomotive sparks, pipe heels, 
, and camp fires, 
6-10 per cent Locomotive sparks, pipe heels, matches, and 
cam 
Medium........| 11-16 per cent. Pipe matches, and camp fires. 
17-22 per cent... Matches and camp fires, 
Very low_...... 23-29 per cent... ......- 
8 uc 
Generally safe. .| 30 per cent or more._..| None; generally safe from all. 


This bulletin contains a wealth of information valuable 
to the meteorologist who is engaged in fire-weather work. 


BIBLIOGRAPHY 
C. Frrznven Taman, in charge of Library 


RECENT ADDITIONS 


The following have been selected from among the titles 
of books recently received as representing those most 
likely to be useful to Weather Bureau officials in their 
meteorological work and studies: 


Boerema, J. 

Regenval in Nederlandsch-Indié (Rainfall in the Nether- 
lands Indies.) Batavia. 1931. vol. 1. Mean rainfall 
figures for 3,293 rainfall stations in the Netherlands Indies 
calculated from observations made during the period 
1879-1928. 244p. 26%cm. (K. Mag. en met. observ. 
Batavia. Verhand. no. 24.) vol. 2. Maps of the 
mean annual and monthly rainfall in Sumatra, with a 
— showing the position of rainfall stations. 14 charts. 

cm. 


Commission pour I’ étude des pollutions de l’atmosphére. 
Rapport général. [Antwerp]. 1931. 44p. 36cm. 
t 090] ects of the fog in the Meuse valley. December, 


continen 
Sevilla, 1-7 mayo 1929. Tomo2. Madrid. 1931. 322 p. 
figs. plates (part fold.) 27 cm. 


Coyecque, Marcel. 
Notions de météorologie générale et nautique et éléments 
d’océanographie & ie ats de la marine et de l’aéronautique. 
Paris. 1931. xviii, 502 p. figs. plates. maps. 23 cm. 
(2e. éd., revue et aug.) 
[Germany.] 


Marineleitung. 
Nautischer Funkdienst. 1931. aller 


Zusammenstellung 
fir den Bordgebrauch wichtigen Anaphen tiber das 
Funkwesen. te Auflage . . . Ber 
p. plates (fold.) 23% cm. 


n. 1931. 920 


Hurst, H. E., & Phillips, P. 
Nile basin. vol. 1. General description of the basin, 
meteorology, topography of the White Nile basin. Cairo. 
1931. xi, 144 p. plates (part fold.) 28cm. (Physical 
dept. paper no. 26.) 


Képpen, W. 
Grundriss der Klimakunde. Zweite, verbess. Auflage der 
Klimate der Erde. Berlin. 1931. xii, 388 p. figs. 
plates (part fold.) 20% cm. 


Marbgraf, H., & Dobers, E. 
Die Wetterkarte im neuzeitlichen Unterricht. 1. Teil: 
Die Zyklone. Hamburg. 1931. 11 p. charts. 29cm. 


Meseguer y Marin, Enrique. 
Horario i. caracteristicas de los radiogramas meteorolégicos 
dependientes del servicio meteorolégico Espafiol. Madrid. 
pag f p. 24 cm. (Serv. met. Espafiol. ser. C, 
o. 5. 


Neue Augscurger Zeitung. 

Professor Piccards Forschungsflug in die Stratosphire; 
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SOLAR OBSERVATIONS 


SOLAR RADIATION MEASUREMENTS, JANUARY, 1932 


By Hersert H. 


At Washington, D. C., Madison, Wis., and Lincoln, 
Nebr., the Weather Bureau has installed Marvin pyrheli- 
ometers with which, when the sky is free from clouds, 
measurements of the intensity of direct solar radiation at 
normal incidence are obtained. 

At Washington the measurements are made on the 
campus of the American University about 5% miles north- 
west of the United States Capitol, 3 miles northwest of 
the central office of the Weather Bureau, and 1% miles 
northwest of the United States Naval Observatory. 
There are no manufacturing establishments within a 
radius of about 3 miles, but the suburb about the uni- 
versity is rapidly building up, principally with detached 
houses. The pyrheliometer is exposed on a shelf outside 
a window, in the morning on the southeast side of the 
building and in the afternoon on the southwest-side. At 
- times, with southeast or east winds, city smoke is brought 
over the university. 

At Madison the pyrheliometer is installed in North 
Hall, University of Wisconsin, and exposed on a shelf 
outside a window facing east in the morning and west in 
the afternoon. North Hall is on a bluff in the upper 
campus, a short distance from the south shore of Lake 
Mendota. Most of the manufacturing plants are in the 
eastern part of the city, but railroad tracks and the heat- 
ing plant of the university are to the southwest. With a 
northwest wind the air is free from smoke, but with the 
wind from other directions considerable smoke is brought 
over the campus. 

At Lincoln the pyrheliometer is exposed in the experi- 
ment station building, on the farm campus, State Uni- 
versity Farm. It is 2% miles northeast of the center of 
the business section of the city, but there is some smoke 
from buildings on the farm campus and from railroads 
and shops not far to the north. Under certain conditions 
the city smoke cloud covers the farm campus, but with a 
west to northwest wind the atmosphere is very clear. 
When observing, the pyrheliometer is exposed on a shelf 
outside a south dormer window. 

Besides these measurements of the intensity of direct 
solar radiation at normal incidence, continuous records 
of the intensity of the solar radiation received on a 
horizontal surface, including that received diffusely from 
the sky, are obtained at eight Weather Bureau stations, 
and at five additional stations, through cooperation with 
the Bureau of Entomology, United States Department of 
Agriculture (Twin Falls, Idaho), with the Scripps Institu- 
tion of Oceanography (La Jolla, Calif.), and with the 
Universities of Florida (Gainesville), Miami (Belle Isle), 
and Tulane (New Orleans). 

For descriptions of these various pyrheliometers and 
registers the reader is referred to Weather Bureau Circular 

, Pyrheliometers and Pyrhelimetric Measurements, 
Washington, 1931. 

The pyrheliometers for recording the total radiation 
are generally exposed on the roof of a building where they 
have free exposure to the entire hemispherical vault of 
the sky. At Chi the exposure is on the tower of 


Rosenwald Hall, Universit of Chicago, and at New York 
on the tower of the New York Meteorological Observa- 
tory in Central Park. At both these stations there is 
considerable depletion of the radiation by smoke. This 
is also true, but to a less degree, at Madison and Lincoln. 
During 1931 the pyrheliometer at Tulane University 


was considerably shaded by trees and surrounding build- 
ings. With the first of the present year it was moved to 
the roof of the medical Sone # ni where it has an excellent 
exposure. 
All pyrheliometers from which records are summarized 
in Tables 1 and 2 have been standardized by comparison 
with Marven pyrheliometer No. 3, except the Callendar 
instrument at Miami, which has a standardization certifi- 
cate furnished by the English manufacturer. Quite 
robably this certificate gives radiation intensities on the 
ie trém scale, which is 3.5 per cent lower than the 
Smithsonian scale, with which Marvin No. 3 is made to 
agree by frequent comparisons. f 
The coordinates of the different stations and the in- 
struments employed are as follows: 


Stations Instruments Registers | Latitude | Longitude Aid: 
Marvin. ....... 38 56 N. 77 05 W. 
Chicago, Il........| Eppley. Engelhard..| 41 47 N. 87 35 W. 688 
Noor: Terk; Ny Wii 002049 40 46 N. 73 58 W. 156 
Fresno, TSE 96 43 N. 119 49 W. 330 
Pittsburgh, 40 32N. 80 02 W. 1,14 
Fairbanks, Alaska |_.... 64 62 N. 147 39 W. 500 
Twin Falls, Idaho. 42 29 N. 114 25 W. 4, 300 
La Jolla, Calif....... Weather Bureau - 32 50 N. 117 16 W. 
Miami, Callendar...| 25 41 N. 
Gainesville, Fla....; Richard_....| 29 39 N. $4 21 W. 233 
New Orleans, La...| | 29 56.N. 90 07 W. 100 


Beginning with February, 1932, measurements of the 
atentien at direct solar radiation have been obtained 
through the red and yellow glass screens recommended 
by the Commission on Solar Radiation of the Inter- 
national Geodetic and Geophysical Union at its confer- 
ence at Berlin and Potsdam, February 23-26, 1931." 

The screens were obtained through Doctor oe 
director of the Potsdam Magnetic-Meteorological O 
servatory. A Weather Bureau thermoelectric pyrhelio- 
ometer, exposed in a Marvin pyrheliometer mounting, 
with the two glass screens taking the place of the blades 
of the shutter at the outer end of a diaphragmed tube, is 
employed in the measurements. 

he equatorial clock-driven mounting keeps the tube 
pointed quite accurately towards the sun, but hand 
adjustment is frequently made. The electrical mecha- 
nism, designed to rotate the shutter a quarter turn each 
minute is operated by hand at such time intervals as are 
desired, usually about 10 minutes, to successively measure 
the current when there is no screen between the pyrhelio- 
meter and the sun, and when the yellow and the red screens 
are alternately interposed. At the same time a Marvin 
pyrheliometer, exposed near the thermoelectric pyrheli- 
ometer, is continuously read. 

The thermoelectric pyrheliometer at present records 
on a Leeds and Northrup recording potentiometer, and a 
comparison of the record obtained when no screen is 
interposed with synchronous readings of the Marvin 
pyrheliometer makes it possible to reduce millivolts of 
current generated in the thermopile of the pyrheliometer 
to gram calories per minute per square centimeter of 
radiation intensity. In the thermopile in use a radiation 
intensity of one gram calorie per minute per square 
centimeter generates a current having an e. m. f. of 
about 7.20 millivolts. 


1 Kimball, Herbert H. The radiation conference at Berlin and Potsdam, Feb. 23-26, 
1931. Mo. Wea. Rev., May, 1931, Vol. 59, pp. 187-188. 
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The first measurements with the screens will be sum- 
marized in the February number of the Review. 

Table 1 shows that solar radiation intensities meas- 
ured at normal incidence were above the normal in- 
tensity for January at Mongo slightly below the 
January normal at Madison and at Lincoln in the morn- 
ing, but above the normal at Lincoln in the afternoon. 
The depression in intensities at Lincoln during the morn- 
ing hours was undoubtedly due to smoke, which was 
carried aver by the wind later in the day. 

Table 2 shows a deficiency in the total solar radiation 
received on a horizontal surface at all stations for which 
normals have been computed except at Miami, Fla., 
Fresno and La Jolla, Calif., where an excess was recorded. 

No skylight polarization measurements were made at 
Madison, Wis., as there was a trace of snow on the ground 
during most of the month, which produces a disturbing 
effect. At Washington, measurements made on three 
days give a mean of 62 per cent with a maximum of 66 
per centon the 18th. Theseare slightly above the respec- 
tive averages for Washington in January. 


TaBLzE 1.—Solar radiation intensities during January, 1932 
{[Gram-calories per minute per square centimeter of normal surface] 


Washington, D. C. 
Sun’s zenith distanre 

aa 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | Noon 
Date 7th Air mass — 

mer. solar 

time A.M. P.M 
e. 50 | 40 | 3@ | 20 20 30 | 40 | 50 e. 
mm, | cal, | cal cal. | cal. | cal. | cal. | cal. | cat. | mm. 
8.18) 0.86 0.99) L114) 120 9. 47 
2.49) 0.85) 0.96) 1.14 1 111) 0.99) 085 249 
Means. 0,70, 6.91) 1,10) 1,29)...... 1, 30 0,98} 0, 85)...... 
Departures... —0, +-0, 07) +-0, 09 
Madison, Wis. 
JOR. 3. 99}...... 0. 74 3. 81 
Jan. 25. 2. 36 1 1.16 1.31 1.08 2. 87 
Means_ (0, 87) | (0, 99)/| (1, 1(1, 42); 1, 
Departures. —0, 17|—0, 21) —0, 02 —0, 01,40, 00). 
Linco'n Nebr. 
1, 52 | -| 1.26) 116) 107) 152 
1, 78).....- 1,23) 1.07) 1. 2.74 
1.68} 0.76 1. 18)-- 1,22) 1.07) 0.95) 216 
2.49} 1.00) 1.12 1.25) 141 1.27) 116 1.06) 216 
1.78) 0.97 2, 87 
1.68; 0.63) O81) 1.04 L132 0.96)...... 3. 30 
2. 1,07) 0. 95) 0.85; 2.16 
Means-. 0.89; 1.04) 1,16 (1, 36) (1, 60)| (1, 48) 1,21) 1,07; 0,99)...... 
Departures_..|...... —0, 04) —0, ol 14\+0. 02 +0, 


1 Extrapolated. 
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TABLE 2.—Total solar radiation (direct + diffuse) received on a hori- 


zontal surface 
[Gram-calories per day per square centimeter 
Average daily totals 
Week, be-| 8 a 
ginning is 5 a g = 
cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal.| cal. | cal. | cat. cal. 
Jan. 1..... 59} 1 41 217 4.55 113 240) 324; 74 
Jan. 8..... 143) 161; 69) 95) 143) 1381) 5. 155 248) 263 324; 148 
Jan. 15....| 178 116} 188 118} 210) 99) 5.3) 1 274 331| 236 
Jan. 155} 237) 75/26. 9 318}... 171 
Departures from weekly normals 
Jan 1.....| —72| —37| — —22|....| —57 37|—24; +26)... 
Jan, 8_.... —29; — —7| —19| +33)....| —29 12/+-18 
Jan. 15....| +18) —43) —1 +5) +20) —10)-...) — +39)_... 
Jan ---| —15| —31) +13) +30) —14 —40).... Ta 
Accumulated departures on Jan. 28 


POSITIONS AND AREAS OF SUN SPOTS 


[Communicated by Capt. J. F. Hellweg, Superintendent United States Naval Observa 
tory. Data furnished by Naval Observatory, in cooperation with Harvard, Yerkes, 
Perkins, and Mount Wilson observatories. The differences of longitude are measured 
from central meridian, positive west. The north latitudes are plus. Areas are cor- 

for foreshortening and are expressed in millionths of sun’s visible hemisphere. 
The total area, including spots and groups, is given for each day in the last column] 


Heliographic Area Total 
Eastern area 
Date nae D for 
civil time ry Lati- | spot Group! 
Jan. 1 (Naval 11 41 [426.0 | 243.2 |~13.0 | 108 108 
Jan. 2 (Naval Observatory) 10 38 |—17.0 | 187.6 | +4.5 
+38.5 | 243.1 |-13.0 128 154 
Jan. 3 (Mount Wilson) -......-..- 1l 15 |—70.0 | 121.1 |+11.0 
—4.0 | 187.1 | +4.0 
+50.0 | 241.1 |—13.0 107 126 
Jan. 4 (Mount 17 10 |—55.0 | 119.6 |4+11.0 
+69.0 | 243.6 |(—14.0 152 158 
Jan. 5 (Mount Wilson) 11 0 |+80.0 | 244.9 |—-14.0;} 218 |_...--- 218 
Jan. 6 (Mount Wilson) 11 30 |—30.0 | 121.6 [413.0 |_.._-- 8 
Jan. 7 (Yerkes Observatory)......| 12 54 
Jan. 9 (Perkins Observatory) 10 30 
Jan. 10 (Naval Observatory) - ---- 10 25 
Jan. 11 (Naval Observatory) - 10 28 
Jan. 12 Observatory) - .... 12 16 
Jan. 13 (Naval Observatory) - ..- 12 53 
Jan. 14 (Naval Observatory) - -._- 10 38 a 
Jan. 15 (Naval Observatory) 10 33 |4+13.0{ 46.5 | —8.5 31 31 
Jan. 16 (Naval Observatory) - 11 10 |+27.0) 47.0) —8.0 |_..... 108 108 
Jan. 17 (Yerkes Observatory).....| 12 15 —9.6 
+38.9 45.1) —9.2 
+40.2 | 46.4) —6.5 
+43.6 | 49.8 |—10.4 30 48 
Jan. 18 (Naval Observatory).....| 10 38 |+57.0| 50.9 | —9.5 25 
Jan. 19 (Naval Observatory) - 1l 13 |+69.0| 49.4 |—10.0 9 
Jan. 20 (Naval Observatory) -...- No spots 
Jan, 21 (Naval Observatory) - - .-- 12 3 |—72.0 | 241.6 |—12.0 81 
Jan. 22 (Mount Wilson)....-..... 1l 25 |—60.0 | 240.7 |—-14.0 127 
+36. 0 | 336.7 |+16.0 |...... 13 140 
Jan. 23 (Yerkes Observatory) -.... 14 59 |—44,6 | 241.1 |—13.3 | 138 
—41.8 | 243.9 |—13.6 3 
+54. 4 | 340.1 |+14.8 169 
Jan. 24 (Naval Observatory) - - 13 35 |—33.0 | 240.3 |~-12.0 108 |....... 108 
Jan. 25 (Naval Observatory) - --.. 10 32 |—21.5 | 240.3 |—13.0 
H +27.0 | 288.8 | —6.0 |...... 37 90 
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POSITIONS AND AREAS OF SUN SPOTS—Continued 
Heliographic Area ‘Total 
Eastern area 
Date for 
eiviltime} Ditt. |Longi-| Lati- | spot Group) 
H m ° 
‘count Wilson).......... 12 175.8 |4+13.0) 211 
—31.0 | 216.8 | +0.5 
—8.0 | 239.8 |-13.0 154 
4 +24.0 | 271.8 | +8.0 
val O ) 10 17 hey 247 
30 —22.0 | 172.7 |4+13.0 | 123 
was 
+59.0 | 241.2/-13.0| 77 |.......| 18 
Mean daily area for January. =. 98 


JANUARY, 1932 
PROVISIONAL SUN-SPOT RELATIVE NUMBERS, 
JANUARY, 1932 
(Dependent alone on observations at Zurich and its station at Arosa) 

(Data furnished through the courtesy of Frof. W. Brunner, University of Zurich, 


witzerland] 
12 il 0? 21 ds 
25 12 0 22 18 
Bee 13 0 23 17 
8 144| Mc— 24 16 
| ae 8 15 10 25 25 
0? 16 15 26 d 42 
Shalt ae 0? 17 12 27 a 36 
18 8 28 18 
i ae 0 19 7 29 18 
7 20 0 30 18 
31 17 
Mean, 28 days=12.3. 


c=New formation of a center of activity: E, on the eastern part of the sun’s disk; 
W, on the western ; M, in the central circle zone. 
d=Entrance of a large or average sized center of activity on the east limb. 


AEROLOGICAL OBSERVATIONS 


[The Aerological Division, W. R. Gree, in charge] 
By L. T. Samve.s 


The free-air temperatures for the month were decidedly 
above normal at most stations and levels. (See Table 1.) 
At Dallas, Ellendale, and Omaha, negative departures in 
the lower levels changed to positive at higher elevations. 
At the more eastern stations the positive departures were 
exceptionally large while at San Diego they were negative 
at all levels. 

Relative humidities were mostly above normal in the 
lower levels and below normal in the upper levels. 

The resultant winds at 1,000-meter elevation were 
southerly as compared to a westerly normal in the northern 


Gulf region. Elsewhere, the monthly values did not differ 
appreciably from the normals for this level. At 2,500 
meters the westerly component predominated in the 
monthly resultants. A marked exception occurred at this 
level at Key West, where the monthly resultant was 
easterly while the normal is westerly. owever, at 3,000 
meters at this station the monthly resultant was south- 
southwesterly as compared to a normal west-south- 
westerly. 


TaBLe 1.—Free-air temperatures and relative humidities during January, 1932 


TEMPERATURE (°C.) 
Cleveland, Due West, || Ellendale,N.|| Hampton | Omaha, Pensacola, San Diego, || Wash fi 
|| | 8.0. Dak. "|| Roads, Vat Nebr.t Fia.? Calif. 
(245 meters) (217 meters) || (444 meters) (2 meters) (299 meters) (2 meters) (9 meters) (2 meters) 
Altitude (meters) m.s. 1. 
Depar- Depar- Deper Depar-' Depar- Depar- Depar- 
Mean} from || Mean| fom || Mean| from || Mean| || Mean| {U7 || mean | || mean | {UF || |’ Mean| 
|normall| normal} normal | normal jnormal 
433] 28/471] 94) +25 1 11.8) — 8 6 
—7. - - 5.6 
5,000. 7.3] 406). —20.9 | 40.6 ||... 
RELATIVE HUMIDITY (PER CENT) 
bet those for Groesbeck, Tex., and Broken Arrow 
Naval air stations. | 
* Normals for Drexel, Nebr., used. 
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TaBLw 2.—Free-air resultant winds (meters per second) based on pilot balloon observations made near 7 a. m. (E. S. T.) during January, 1932 
[Wind from N=360°, E=90°, etc.] 


“Albuquer- Browns. Burlington,|| | Chicago, Dallas, || Due West, || Ellendale, || Havre, Jackson- || Key West, 
, Tex. Vt. Wyo. Ohio Tex. | || Mont’ || ville, Fis. 
meters) || (12 meters) || (182 meters)|/ || (498 moters)||(245 meters)||(154 meters)|\(217 moters)|| (444 meters)|| (762 meters)|| (14 meters) (11 meters) 
Altitude (meters) 
m.s8.1. 
Surface. 211) 203) 52) 255) 29) 22) 471 62; O11 249) 202) 245) 05) 3.4 
500... 1624.5 || 217) 237 | 7.31 232| 200) 244) BO} 202) 163 | M4} 8.0 
1,000_...-. 1721. 4.8 || 240! 6.2 245 | 10.3. 9.6] 201) 3.4|| 262| 5.4/] 816) 6.2|| 257| 65 198) 6.6 
203) 6.2!) 254) 7.4 268 | 10.6 || 11.8 || 282] 68 || 7.1 64), 123) 49 
206 | 0.7 || 218| 6.4 || 283/103) 200) 7.0 || 268) 13.4 || 256 | 15.1 || 278) 281| 287) 7.8|) 280] 263/ 125| 3.9 
4 | 
Salt Lake || Sault Ste 
Los An- Medford, | Memphis, New Or Oakland, || Oklahoma Omaha, Phoenix, Seattle, 
es, Calif.|| Oreg. ‘Tenn. 1 Calif.’ || City, Okla. || Nebr.’ Ariz. ash. ||), Weel 
7 meters) (410 (89 meters) || (25 meters) || (8 meters) ||(392 meters)/| (299 meters) meters. meters) (198 meters) (14 meters) (10 meters) 
Altitude (meters) 
m. s. 1. H 
Sia ls TALS ra ls |} > 
° ° ° ° ° } ° 
357| 1.3| 167) 41| 76] 381] 125] 1.3] 305) 1.0]) 156| 1.0) 318! 18 
| 262 | 0.6 218 | 4.5 1038 | 2.8 348 | 3.4 220 | 2.6 306 | 3.1 | $07 | 2.6 182 | 3.8 || 283 6.8 
27) 2.9) 164) 249) 6.5 |) 203) 347] 255| 68) 286) O04 | 236) 194) 5.0) 293) 10.2 
27) 471 194) 1.21 250] 7.51] 3.8 || 339] 7.4] 258| 269] 258) 15] 186/27) 271! 38) 287) 122 
2} 243) 254] 7.6 || 336) 7.6 260) 275| 256) 219) 1.8 28h |, 16,3 
$48 | 11.6 205) 3.0 328 | 9.7 | 12.6 | 


WEATHER IN THE UNITED STATES 


[Climatological Division, O11ver L. Fassic in charge] 


THE WEATHER ELEMENTS 
By M. C. Bennetr 


The marked features of the weather for January, 1932, 
were the abnormally high temperature in the East and 
decidedly low temperature in the West. 

The average temperature for the month ranged from 
4° to 12° above norma! east of the Great Plains, with the 
greatest departure above normal from the Ohio Valley 
northward, eastward, and southeastward, some stations 
in the Middie Atlantic States showing the warmest Jan- 
uary in 100 years. On the other hand, the western por- 
tion of the country was decidedly cold, with the greatest 
deficiencies ranging from 5° to 10°. 

The precipitation was generally heavy in sections hav- 
ing the warmest weather and was excessive in much of the 
south Mississippi Valley; large-areas received from two to 
more than six t'mes the January normal, while in marked 
contrast some nearby sections, as eastern Florida, south- 
ern Texas and the northern Plains received only 50 per 
cent or less of the usual amount. West of the Rocky 
Mountains precipitation was saerany light, many sec- 
tions receiving less than normal. 


TEMPERATURE 


The general situation in January was much the same as 
that prevailing since the middle of November, 1931; 
resiniiteadas ildness continued in the eastern half, while 
low temperatures were the rule in the far West. The 
Sra: temperature excess during January was found 
arther to northeastward than before, and the middle 
Plains region, instead of averaging warmer than normal, 
was now colder than normal. 


The mildness in the eastern half was comparatively 
steady, while in the West the southern Plateau region was 
almost constantly colder than normal. The opening 
week was especially warm compared with normal in the 
north-central portion and particularly cold in Utah and 
districts adjacent. During the latter part of the first 
decade, while warmth continued in the East, tempera- 
tures above normal prevailed in the Pacific States and the 
far Northwest, particularly in Montana. ‘The first half 
of the second decade had about the warmest weather ever 
known in January in the upper and middle Mississippi 
Valley and thence eastward to the Atlantic coast. How- 
ever, the middle and latter portions of this decade were 
cold in most of the central and northern Plains and almost 
throughout the West. 

The final decade of January began with warmer weather 
in Montana and the Plains, and with marked warmth 
continuing in the Lake region, the upper Ohio Valley, 
and to eastward, but with notable cold in most of the 
Plateau region. About the 28th a decided cold wave 
reached Montana and North Dakota whence it spread 
westward, southward, and eastward, so that the month 
closed with low temperatures prevailing in all but the 
southernmost States. The arrival of this cold wave 
ended in several districts prolonged periods remarkable 
for absence of low temperatures. For example, Harris- 
burg, Pa., had every day warmer than normal from Dec- 


cember 10 to January 30, inclusive, January 13 being 
32° warmer, and Keokuk, Iowa, reached 1° below zero 
on January 30, the first below-zero reading at that place 
since January 29, 1930, two year and one day earlier. 
The month averaged warmer than normal in the eastern » 
half of the country and in most of Oklahoma and Texas, 
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also in northern portions of North Dakota and Montana. 
The excess was large to eastward of the Mississippi 
River, averaging about 12° from the upper Ohio Valley 
eastward and northeastward. Usually in Michigan and 
near Lake Ontario, and almost invariably east of the 
Appalachian crest from the Carolinas to southern New 
England, this was the warmest January of record. At 
New Haven, Conn., it was the warmest January of 154 
whose temperatures are known. Frequently in the 
Middle Atlantic States the departure from normal was 
found to be greater than the positive or negative departure 
of any other month of record at any season of the year. 

In most of Nebraska and the central and western 
portions of Kansas and South Dakota, and practically 
throughout the Rocky Mountain States and the far 
West, save parts of Montana, the month averaged colder 
than normal. In Utah, Arizona, and eastern Nevada, 
the deficiency was 4° to 7° per day; Phoenix, Ariz., found 
this the coldest month whatever in a record of 36 years, 
save one December. 

The highest marks were about 80° as far north as 
Maryland, Kentucky, and Arkansas, also in part of 
southern California; while in southern Texas 91° was 
noted. On the other hand, from Wisconsin to the Dakotas 
and in some Plateau States 60° was nowhere reached. 
In the western half the highest marks occurred usually 
on the 8th, or during the middle decade; in the eastern 
half usually on the 13th, 14th, or 15th. At this time, 
scores of stations near or east of the Mississippi River 
noted the highest January temperatures they had ever 
recorded. 

The lowest marks in Florida, Mississippi, and Louisiana 
were in the twenties, and zero was not reached south 
of New York, Michigan, Illinois, Missouri, and Kansas. 
From Wisconsin to the Dakotas, however, and in most 
Rocky Mountain and Plateau States, the lowest was more 
than 30° below zero, one elevated station in O n even 
noting —41° on the 23d. In about two-thirds of the 
States, including nearly all of those wholly east of the 
Rocky Mountains, the lowest temperatures came on 
either the 30th or the 31st. 


PRECIPITATION 


For the nation as a whole, January was a month of 
ample precipitation. The distribution over the country 
was comparatively good; likewise the distribution through 
the month. However, the Atlantic and Gulf States 
received a large part of their monthly totals during the 
opening fortnight, and the central valleys about the 
middle of the month, while the closing week brought a 
large portion in California and Nevada, and in Tennessee 
and considerable parts of the States adjoining. 

The monthly totals were decidedly greater than normal 
in Oklahoma and eastern Texas; indeed, in each of these 
States only one other January of record brought more 
than the present January. ansas, southeastern Ne- 
braska, and the western two-thirds of Iowa likewise had 
far more than normal. As a rule, there was much more 
than normal in the Ohio and lower Mississippi Valleys 
and moderately more than normal in southwestern 
Georgia and adjacent parts of other States, in the Middle 
Atlantic States and southern New England, and in the 
middle and western portions of the Lake region. Among 


the States, Mississippi and Louisiana had the greatest 
average amounts. 

In the western half of the country there was usually 
somewhat more than normal in northeastern Wyoming 
and the western parts of the Dakotas, also in northern 
and eastern Nevada. 

Precipitation was usually less than normal in northern 
California, central Montana, the eastern halves of the 
Dakotas, and especially in western and southern Arizona. 
The middle and lower Rio Grande Valley usually had less 
than normal precipitation, also the bulk of the Florida 
peninsula, and the immediate Atlantic coast to northward 
as far as Cape Hatteras. From central Missouri to 
southern Wisconsin there was generally less precipitation 
than in an average January. 

As usual in winter, the largest monthly amount was 
reported by a station in Washington, 26.88 inches at 
Paradise Inn. East of the Rocky Mountain crest the 
greatest quantity was 17.82 inches at Swan Lake, Miss. 


SNOWFALL 


Once more the snowfall was very scanty from central 
and southern Missouri and northern Arkansas eastward 
over the Ohio Valley and southern Lake region to the 
Middle Atlantic States and southern New England. 
Many stations in this belt had decidedly less snow than 
ever before in January, and several, even as far north as 
Sandusky, Ohio, and Pittsburgh, Pa., had no measure- 
able snow. Close to the Canadian boundary, as far west 
as Lake Superior, there was less than normal practically 
everywhere. 

In a belt from southwestern Kansas northeastward to 
Minnesota the snowfall was decidedly heavy, often the 
— ever known in a January. The southern Rocky 

ountain region and the central Plateau received, as a 
rule, far more than normal, and other parts of the far 
West usually had about as much as normal, save near the 
Canadian boundary, where the monthly totals fell short of 
normal. The supply of accumulated snow in the western 
mountains at the end of January was generally as great 
as or greater than normal, and in many districts the ao 
est for years, indicating a good stream flow during the 
coming spring and summer. 

At Los Angeles, Calif., 2 inches of snow fell during the 
morning of the 15th, a greater amount than ever recorded 
there previously. 


SUNSHINE AND RELATIVE HUMIDITY 


Much cloudy weather prevailed in the region of the 
Great Lakes, the 4 geaced part of the New England States, 
the Great Central Valleys, Texas, and the northern por- 
tions of the Plateau and Pacific regions, while more than 
the usual amount of sunshine was received in the south 
Atlantic States, and in the southern portions of the Pla- 
teau and Pacific coast areas. Elsewhere about the average 
amount for January prevailed. The relative humidit 
was above the normal in the New England States, mu 
of the South, and the central portions of the Great Plains 
the Rocky Mountain and Plateau regions, while else- 
where it was generally near or slightly below the seasonal 
average. 
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SEVERE LOCAL STORMS, JANUARY, 1932 


[The table herewith contains such data as have been received concerning severe local storms that occurred during the month, A revised Jist of tornadoes will appear in the Annual 
Report of the Chief of Bureau] 


Width of | Loss| Value of 


Place | ‘Time | path of property, | Charnoter of storm Remarks Authority 


| (yards) | life 


~sktig Considerable damage to telephone, electric, and | Official, U. 8. Weather Bu- 
power lines. reau, 
4 small houses wrecked; implements damaged; 1 Do. 


Eldridge (near), Tex-.-.... 11 | 2:30 p. m_. 2 $2,000 | Tornado.. 
nm injured. 
ockley (near), Tex..--...-| 11 | 3:30 p. 000 4 buildings demolished, several damaged; Do. 
sons 
Port Angeles, Wash........ 15,000 | 7 fishing boats wrecked and a Do. 
ll 90,000 Damage confined chiefly to dings, fences, Do. 
signboards and trees; communication services 
greatest destruction in southern 
on. 
Hamil Miss., and vi- 12 | 4:30 p. m..j..------.- 3 25,000 | Probably tornado-_| 5 homes destroyed and practically all other build- | Official, U. S. Weather Bu- 
{ ings damaged; 30 persons injured. Ad- 
vi 
Murfreesboro, 12 | 7:30 p. m. uprooted; signboards blown down; ware- | Official, U. 8. Weather Bu- 
ouse reau. 
Alabama (west-central) - - -- Mia, tenn 10 000 | Tornado-.--..-....- Many homes demolished; livestock killed; tele- | Official, U. S. Weather Bu- 
* phone service impaired. Ad- 
v a.). 
AJexander and Pulaski WO eR a: 34,000 | Wind-...-.....--- Wire service interrupted; roofs, plate glass, signs,| Official, U. S. Weather Bu- 
Counties to Richland and light buildings damaged; 2 persons injured. reau. 
= Lawrence Counties, 
Canyon City, Colo. (Wolf House wrecked; garage blown over............-- Do. 
Chickasaw, Simpson, and winds and | Character of damage not Do. 
Forrest Counties, Miss. under-squalls. 
12) P.m...... 10,600 | Buildings, smokestacks, and power lines dam- Do. 
Millbrook, Ala., and vi- 12,000 } "Tornado. Many homes and other buildings destroyed or | Official, U. 8. Weather Bu- 
cinity. damaged; poultry killed. Montgomery Ad- 
vertiser (Ala. 
Ohio, and vi- chiefly to roofs, windows, wires, and | Official U. 8. Weather Bu- 
4 reau. 
Eaton 14 | 5.30p. 
10 75,000 | Tormado..._.....- 9 substantial buildings wrecked; several persons Do. 
injured; path 8 miles long. 
Grand Rapids, Mich....._- 14-15 6,000 | Thunderstorms. -. born contents destroyed by lightning; Do. 
orses 
Columbus, Ohio.......-.-. 26 | 10:30 p. m_ 04.448 500 | Probably tornado.} Buildi wrecked or damaged; billboards de- Do. 
” . ’ molished; 1 person hurt; path about 400 yards 
ong. 


ainsi | Signs, windows, trees damaged; 10 persons Do. 


RIVERS AND FLOODS 
By Montross W. Hares 
[In charge River and Flood Division] 


There were floods in January in the South Atlantic and 
Gulf States, in the Ohio Basin, and in the lower Mis- 


sissippi Valley. In parts of Iowa, Missouri, and Oregon 
there were minor overflows of a local character. Some of 
the floods had not begun to recede at the end of January, 
and information concerning the others is not complete. 
A discussion of them will, therefore, appear in a later issue 
of the Rrevirw. 


WEATHER OF THE ATLANTIC AND PACIFIC OCEANS 


[The Marine Division, W. F. McDonatp in charge] 


NORTH ATLANTIC OCEAN 
By F. A. Youna 


Pressure.—As shown by Table 1, the 
at Reykjavik, Iceland, was 0.44 below normal, which 
indicates that the Icelandic Low was unusually well 
developed, although during the last few days of the month 
there was an otesten af Bike pressure in this region. 

Along the coast of northern Europe, cyclonic conditions 
prevailed during the greater part of the first half of the 
month, while comparatively high barometric readings 
were the rule during the last decade, and the average 
pressure was not far from normal. 

The North Atlantic n1eH was fairly well developed from 
the 4th to 8th, 13th to 17th, and 26th to 28th, while, as 
shown by Table 1, the av at Horta for the month 


is slightly below normal. and at Madeira considerably 
above, indicating that the crest of this HIGH was some 
distance southeast of its usual position. 

The daily barometric readings at Belle Isle and Halifax 
show the usual rapid changes that are to be expected in 
winter in that region, while at both of these stations there 
was a slight positive departure, for the month as a whole. 


TABLE 1.— Averages, depariures, and extremes of aimospheric pressure 
(sea level) at s stations for the North Atlantic Ocean and its 
shores, January, 1932 


Average | Depar- 
Stations pressure | ture | Highest) Date | Lowest | Date 
| Inches Inch Inches Inches 
Julianehaab, Greenland '._..___- 29. 44 (0) 30. 00 329 28. 78 1B 
Reykjavik, Iceland | 99.22} 30.33 30! 28.23 15 
Lerwick, Shetland Islands !_____. 29.69; —0.01 30, 68 % 28.76 6 
cia, 29.98; +0,08 30. 81 27 28. 81 10 
Lisbon, Portugal 30.36; +021) 30.53 3; 2.80; 
30.27 | +0.17 30. 44 36 29. 96 25 
Ho 30.12; —0,04 30. 38 13 29. 75 3 
Belle Isle, Newfoundland __ 29.82 | 30,22 27 28. 96 31 
Halifax, Nova Scotia '.__....._.-. 30. +0. 08 30. 70 12 29. 32 23 
30.10 | +0.06 30. 61 ll 29. 35 3 
30. +0, 06 30. 56 31 29. 63 
30. +0. 06 30. 54 13 20, 78 5 
30.10 | +0.05 30. 20 313 29. 90 9 
30.11 | +0.01 30. 29 31 29. 86 1 
New Orleans #___..._..-.._..__.- 30. 13 0. 00 30. 53 31 29, 68 20 
ape Gracias, Nicaragua !_...___ 29.93; —0.05 29. 98 313 29. 88 #1 
from best 


1 All data based on a. m. observations only, with departures computed 
available normals related to time of observations. ; 

2 No normal available. 

3 And on other date or dates. 

‘ Corrected 24-hour means, based on more than 1 observation daily. 


Charts VIII, [X, X, and XI, show the conditions on the 
12th, 17th, 27th, and 30th, respectively, when the 
severest storms of the month occurred. 
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During the first and last decades of the month, there 
were a number of moderate disturbances between the 
Bermudas and the American coast, and during these 

eriods gales were also reported by a number of vessels 
botwesll the Azores and fiftieth meridian. 

The following extracts from news reports give an idea 
of the damage to life and property wrought by various 
storms off the coast of Europe and on the northern 
steamer lanes: 


London, January 6.—Steamer Jersey City, buffeted by a 50-mile 
gale and mountainous seas, was drifting off the Scilly Isles to-day 


with her engines crippled. 
London, January 10.—A gale the length of English 
e along the south coast 


Channel to-day and did considerable 
of Great Britain. 

Brooklyn Eagle, January 14.—Arriving many hours late due to 
storms, the North German Lloyd liner Bremen docked at her pier 
late last night. The Bremen left Cherbourg January 8, and found 
the weather fairly good until the 10th, when she encountered a 
west-northwest gale. For 20 hours thereafter, according to her 
commander, Capt. Leopold Zeigenbein, she was forced to run at 
reduced speed, with the wind of hurricane force. The next day, 
January 11, she was again forced to cut hers , when the wind 
blew at times 100 miles an hour, accompanied by snow. Another 
8-hour speed reduction on January 12, when a north-northwest 
snow storm, driven by terrific winds, sent big waves crashing across 
the liner’s deck. 

Brooklyn Eagle, January 20.—The Holland American liner 
Veendam docked this morning, a day and a half late as a result 
of the most severe Atlantic storm this winter. The following 
vessels were also delayed on account of heavy weather: German 
8. 8. Huropa, British 8. 8. Antonia, Italian M. 8. Vulcania, French 
8. 8. France, and American 8. 8. American Merchant. 


Cyclones and gales —According to the Pilot Chart Jan- 
uary is usually the stormiest month of the year over the 
North Atlantic. Many cyclonic storms with wind of 
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force 10 to 12 were reported during the current month, 
but the number of days with gales was slightly if any 
above the normal over the northern steamer lanes 
although on a number of days the storm area extended 
unusually far south. 

As to be expected in January the northern section of 
the ocean was traversed by one cyclone after another, 
and some of these were unusually deep an! severe. 
South of the 50th parallel, the number of days with gales 
was fairly well distributed, and three vessels reported dis- 
turbances between the 25th and 30th parallels while, as 
shown in table of storms, the American S. S. od 
galpa encountered a ‘‘norther” of force 11, while at Vera 
Cruz, Mexico. 

The lowest pressure since December, 1929, over the 
North Atlantic during an extratropical storm was recorded 
by the Norwegian S. S. Bergensfjord. While this vessel 
was in 58° N., 24° 55’ W., on the 17th, the corrected 
reading from the mercurial barometer was 27.81 inches, 
with highest force of wind 11. On the previous day the 
American S. S. Quaker City encountered a SW. wind, 
force 12, while in 58° 40’ N., 15° 18’ W. This was 
undoubtedly the severest storm of the month, although 
there were a number of others that were responsible for 
a great deal of damage. 

Fog.—The number of days on which fog was reported 
in different sections of the ocean, is as follows: Along the 
American coast, between the 35th and 45th parallels, 
from 3 to 9 days. Over the Grand Banks, from 4 to 6 
days. Over the steamer lanes, east of the 45th meridian, 
from 1 to 2 days. In the western section of the Gulf of 
Mexico, on 6 days. 


OCEAN GALES AND STORMS, JANUARY, 1932 


Vo Position at time of Low- | Direc- | Direction | Direc- 
yage lowest barometer Time of | eet tion of | and force | tion of | Direction Shifts of wind 
Vessel Gale lowest Gale ba- wind of wind wind | and high- near time of 
began | barom- | ended | .5m.| When | attimeof | when | est force of | 1. wWost barometer 
NORTH ATLANTIC 
OCEAN 
of o 7 Inches 
H. Cramp, Am. | New York._.| Canal Zone_-| 39 30 N | 73 54 Jan. 1/ 3a.,1--.| Jan. 1 |..-.... Steady. 
Nishima, Am. S......, New Orleans.) Bremen--.--- 4842 N} 2638 W/ Jan. 8a., 2...) Jan. 6} 29.38 | WNW_| —, 9....--- Variable. 
Extavia, Am. 8. S.....-- Lisbon......-. New York...| 37 00 N| 6117 4p., 2...| Jan. 2 20.64 | SSE_.._| SSE, N--.-.- —, 10...... SSE-NW. 
Europa, Ger. 8. S._.-.--- do.......| 4149 N | 6202 Jan. 3) 4p., 3...| Jam. 4) 20.38 | ESE...) N, 7....... NE, 10... 
Norwegian, Br. 8. S..... Liverpool....| Bermuda...) 36 52 N | 4934 Wj Jan. 1/ 64a.,3...| Jan. 5 | 29.65 | NNW-_.| S, | NE....| WSW, 10..| SW-W. 
Lafcomo, Am. S_.....| Galveston....| Barcelona....| 36 10 N | 2510 W| Jan. 4a.,3...) Jan. 3 29.84) SW_...| SSW, 9_..! NW_..| SSW-NW. 
Elmsport, Am. 8. Liverpool_...| 40 35 N | 657 15 3a., 4.-.| Jan. 4) 29.20) SE..... E, 10..... NNW. NE, 10_...| NE-NNW. 
Lobos, Br. M. Canal 4816 1600 Jan. 1/| 3a., 29.69 | 8_...... GSW, SSW, 9...| SSW-W. 
Comanche, Br. 8. S._...| Baytown....-. London.....- 3443 6304 W! Jan. 4/ 1p., 4...| Jan. 6 | 29.73 | NE..-..| NE, 6.---- NE....| —, 9.....-. Steady. 
Delshaven, Du. 8. S._...| Rotterdam...| Baltimore....| 2946 N | 5248 Jan. 5/ lla., 29.86} NE_...| NE, 9..... ENE..| NE, 9..--- NNE-NE, 
be; Aruba........ 4830 Nj| 1400 Jan. —, 6.....| Jan. 7 29.48 | SSW... WSsW, 11_| SSW...| WSW, 11_| WSW-WNW 
anzig M. 8. n. 
Sees Sevilla_...... New Orleans.| 27 36 N | 5725 W/ Jan. 6/ 4p.,6-..| Jan. 29.86| NE, 10....; NE....| NE, 10... 
West Ekonk, Am. 8. S_..| New Orleans.| Liverpool....| 47 20 N | 3400 W/ Jan. 8 8p.,8-..| Jan. 11) 29.25 | SW....| SW, 10....) SW, 10....| NW-SW. 
Tegucigalpa, Hond. S. G0... Vera Cruz....| Vera Criuz, Mex. |_...do....| 8 & 9....| Jan. 30.28 | N--..-- te Steady. 
Elmsport, Am. 8. 8...... Corpus Chiris- -.--| 4705 N| 3565 W| Jan. 7/| 5a.,9_-.| Jan. 29.63| WSW-.| NW, 8.... NNW_| WSW, i0.| Do. 
Bremen, Ger. S. S___...- Cherbourg...| New York...| 5000 N| 1800 Jan. 9 6p., 28.72 | SSW...| NW-_...| NW, 10...| SW-W-NW. 
Montoso, Am. S$. S_.....| Porto Rico...| Boston....... 39 40 N | 70 00 W |_..do...-| 10..)...do....| 29.22 | NNE..| ENE, 10..} N...-.- N, NE-ENE-NE. 
West Camak, Am. S. Rotterdam...| New Orleans_| 49 46 N| 114 4p., 10.-| Jan. 15 | 29.23 | S_-..... cust 
Meanticut, Am. 8. S....| Houston....- 3905 N| 7416 W! Jan. 10 | 2p.,11..| Jan. 12/ 29.60 | SSW... wsw, 9... NNW .| NNW, SW-W-NNW 
West Eldara, Am. S. S._| Rotterdam__.| Boston.._...-. 50 30 N | 2005 Jan. 12| 6p.,12..| Jan. 14 29.05 | SW....| SSW, 10_..| W_..... SW, 11__..| SW-NW. 
Nevada, Dan. 8. South Shields} New York... 57 34 N | 20 45 W|...do....| Noon,12.| Jan. 15 | 28.23 | SE_...- SSE, 8....; wsw, 11..| SE-S-W. 
Elmsport, Am. S. S.__..- Liverpool....; 49 50 N | 2005 W/...do....) 4p., 12..| Jan. 20.02; WSW..; WSW,10.. WSW..| WSW, Steady. 
France, Fr. 8. Havre.......- New York...| 4900 N| 2250 Jan. 14; Mdt.,15.| Jan. 17 | 29.23 | SW_...'| SW, NW....| WNW, 10. 
Motocarline, Belg. M.S.) Baytown_...-. Antwerp... 4340 N| 45 54 Wj Jan. 16/| 8p., 16..| Jan. 18 | 29.66| NNW _| NNW,7..| NW....| NNW, 9..| NNW-NW 
Ala, Am. 8. 8..........- New York...| Rotterdam...| 46 50 N | 35 48 8 p., 29.31 | W_..... sw, NW... Sw, 16..._| SW-W. 
uaker City, Am.S.8_..| Dundee_..... Philadelphia.| 58 40 N | 13 28 6a., 16._| Jan. 29. 25.| —,.7.----.- SW....| —, 12_..... 
lin, 5 Bremerhaven! New York...| 49 42 N {| 20 00 8p., 17_-| Jan. 22 | 29.50 | 8SW_._ ssw, 9__.| WNW_| NW, li...| SSW-WNW. 
Bergensfjord, Nor. 8. 58 00 N | 2455 Wi Jan. 14 9 a.,17..) Jan. 17 | 27.81 | SE...-. SSW, 10...| WSW-.. WSW, SSW-WSW. 
East Indian, Am. M. Chester...._. 4614N 3810 Jan. 1 a., Jan. 19 | 29.63 | SW, SSW-W. 
Ootmarsum, Du. 8. Barry......-. Habana.....- 32 42 N | 30 58 9 a., 19._/ Jam. 20} 30.06 | N......| N, N N, 9. Steady. 
Henri Jasper, Belg. 8. Antwerp-_.._- ew York...| 4318 N | 47 30 W/ Jan. 21 | 6p.,21..| Jan. 22 | 29.66 | WwW, W, Do. 
uaker City, Am. S. S..| Philadelphia.| 53 34 N | 37 40 Jan. 22/ 8p., 22_.| Jan. 23 | 29.96 | NE...) —, 8.-....- —, 10...... 
Simaloer, Du. S. 3608 N | 4410 W/ Jan. 8p., Jan. 24 | 29.53 | SW, 9..-.. WNW.) —, 10_.-_..| SSW-WSW 
Winnebago, Br. S. S.._..| Manchester..| New York...) 53 45 N | 2954 Wj Jan. 22/ 7a., Jan, 26 | 28.84/ 8....... SW, 10....| WSW.. sw, -W. 
Shickshinny, Am. 8. S__| Savannah....| Liverpool_...; 45 22 N | 4145 Jan. 21 1)p, 24..) | 29.40 | NW....| NE, 10....|; N-NW. 
Bilderdijk, Du. S. New York...| Rotterdam...| 49 10 N | 3159 W! Jan. 24| 8p., Jan. 25 | 20,52 | ESE...) SSE, 7....; SSE -.. SSE, 9....| ESE-SE-SSE. 
Navigator, Am. | Alexandria_..| New York...| 3300 N | 58 02 W/ Jan. 25 6a., 26..) Jan.. 26 | 29.76) WSW-.| W, 10..... NNW .| NW, W-NW. 
Simaloer, Du. 8. 8.......| Boston....... 39 57 N | 6002 Jan. 27 | 11p.,27_.| Jan. 20.56 | 8, NNW..| —, 11......| 8-8 W. 
Queenswood, Br. S. S_..| Boston....... Charleston...| 3340 N | 7720 Wj Jan. 26! 3a., 27_.| Jan. 27 | 30.09 5-SW-W. 
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Voyage Position at time of Low- | Direc- | Direction | Direc- 
lowest barometer Time of est tion of | and force | tion of | Direction Shifts of wind 
began | barom- | ended | ,9m.| when | at time of | when | est force of | ),.00ar time O\ 
From— To— Latitude | Longitude} eter | | lowest wind 
meter | ended 

NORTH ATLANTIC 

OCEAN—Continued 
Gonzenheim, Ger. 8. S...| Portland, Me_| 50 07 N | 3110 Jan. 25 | 9p., 29.83 | SSB__._| 8, 11.____. WNW.) §, 8-NW. ; 
Winnebago, Br. 8. S.....| Manchester._| New York...) 45 56 N | 54 48 W| Jan. 28 | 8p., 28..| Jan. 30 | 29.32 | SE____- sw, NwW.... WNW, 10.| SW-WNW. 
Nobel, Belg. | Antwerp.....| Port Arthur..j 36 04 N | 3918 Jan. 27 Noon,29.| Jan. 31 | 29.81 | SSW-...| SW, 10....| NW_-..| —, 10..._..| SW-W-N. 
Dakotan, Am. 8. S...-.-| Los Angeles... New York...| 33 35.N | 7421 W| Jan. 30| Noon,30| Jan. 30 SW....| SW, 7..-.- NW...| NW, 10...) SW-NW. 
Savoia, Ital. 8. Genoa. __....| Philadelpbia.| 35 00 N | 41 00 W{...do....| 30..| Jan. 31 | 20.79| NNW, 9..| NW__- WNW, ll 
Beemsterdijk, Du. 8. 8...; Rotterdam...| Boston....... 42 5955 Jan. 29 | 2a., 31..| Feb. 29.32; WNW.) SW, WNW.| N, W-WNW. 
Lafcomo, Am. 8. Seville... Pensacola....| 28 20 N | 3200 W| Jan. 31/ 4p., 31..| Feb. 20.81 | WNW. WNW, 6..| NNW..| WNW, 8..| Steady. 
City of Havre, Am. 8.8..| Hamburg--..| Baltimore....| 37 00 N | 65 06 W|_..do....| 8a., 31..| Feb. 3 | 29.43 | NW, 10...| NNW..| —, 12...-.. 

NORTH PACIFIC ; 

OCEAN 
Maru, Jap. | Yokohama_../ San Francis- | 42 49 N | 161 50 Wj Jan. 3p., 1...) Jan. 4/ 29,23 | S.......| SSE, 8_...| S.......| SSE, 9....| S-SSE. 
co. 
Kiyo Maru, Jap. S. do......1| Los Angeles__| 37 53 N | 155 24 E | Jan. 2/2p., 3 do....| 29,28 | SE..... WSW, 9__| WNW-_| W, SE-SW. 
Everett, Am. 8, Seattle. ...... 49 47 N | 151 27 Jan. 4/ 8a., 29.32 | NE....| NNE, 9...| NNW. NNE, 9...| NE-NNE. 
Golden Sun, Am. 8, San Francisco} Yokohama___| 30 10 N | 17215 Jan. 5/| 2a., 5_..| Jan 29.50 | WSW, 7..| SW... SW, 9..... 
Pres. Jefferson, Am. 8. 8_} Victoria... 42 00 N | 156 00 E |...do___-| 10a., 5..| Jan. 6) 29.44 | WNW, 7..| NNW-_.| NW, 10... 
Northwestern, Am. 8. 8.) Seattle....... | Seward... 60 06 N | 149 27 W 1la., 29.40 | NW_..| NW, 9....| NW_-_.| NW, 10... 
Silverhazel, Br. M. 8....| Cebu-.._.-._| San Francisco | 33 00 N | 174 15 E |_..do___-_| 5a., 7...| Jan 29.55 | NW...| WNW, 9..| NNW_.| WNW, 9... NW-WNW. 
. Cleveland, Am. 8. | Yokohama...| Seattle....... 45 34 N | 17913 E | Jaa. 6 2a, 7...| Jan. 8 | 29.28 | ENE. | N, 9.......| ENE-N. 
Knoxville City, Am, 8, | Kahului-....| Balboa... | 21 13. N | 148 00 Jan. 8 30.10 | E...... ENE..| E, 8......-| E-ENE, 
Menestheus, Br. M. 8..-| San Pedro....| 1308 N | 9400 W/ Jan 9/|4p.,9.-.| Jan. 29.85 | NW....| N.7 N N..8 NW-N. 
Maru, Jap. | Port Costa...; Osaka........ 31 40 N | 175 00.E d N-NNE-NE. 
Hakutatsu Maru, Jap. | Miike........ San Pedro....| 45 18 N | 169 30 E |__.do..... 8a.,11..| Jan. 12 | 29.70 
Golden River, Am. 8. 5.-| Portland_...- Osaka........ 37 39 N | 173 55 W| Jan. 10; 3a.,10..| Jan. 29.61 
Golden Sun, Am. 8. 8_..| San Francisco Yohohama...| 30.56 N | 178 16 E a., 10..) Jan. 11 | 30.00 
Silverash, Br. M. 8_....- ‘Ternate_....- San Pedro....| 36 12 N | 162 28 4a., 11..|...do..... 30. 28 
Silverhazel, Br. M. 8....| Cebu.....-..-| San Francisco] 38 54 N | 161 15 E 9a.,10..| Jan. 12 | 30.17 
Pres. Cleveland, Am.S.S-| Yokohama..-| Seattle....... 49 00 N | 128 44 8p., 12..| Jan. 13 | 29.62 
Adm. Farragut, Am.8.8| San Francisco) San Diego_.._| 34 26 N | 120 28 W} Jan. 12 | — 13... |_._do___. 29. 72 
Diana Dollar, Am. 8. 8_. Peiippinet s+ San Francisco} 40 12 N | 151 32 E |...do...._/ 8a., 13_.|__.do.__._ 30. 03 
Fernmoor, Nor. M. 8....| San Pedro....| Yokohama...| 30 50 N | 178 55 W|.._do 4p., 12..| Jan. 14 | 29.79 
Michigan, Am. 8. 8.....} 49 19 N | 17320 E | Jan. 13 | 4a., 20,18 
Adm. arragut, Am. 8.8] San Fran Portland..-.. 37 55 N | 122 49 Jan. 14/ 7p., | 29. 64 
Adm. Peoples, Am. 8. 8.) Portland..-_.- San Diego....| 41 10 N | 124 34 W do. 2p., 14..| Jan. 15 | 29.44 
Golden River, Am. 8. Osaka........ 35 06 N | 168 00 E | Jan, 17 4p., 17-./ Jan. 17 | 29.81 
Diana Dollar, Am. 8. 8.. Finilippines. . San Francisco} 46 05 N | 175 10 E |...do-.-.. 8 p., 17..| Jan. 18 | 29.51 
Tanaha, Br. 8. 8....-..- Shanghai do. 41 33 N | 175 68 Wi Jan. 6a., 20..| Jan. 20 | 29.29 
Golden Dragon, Am.8.8-| 38 10 N | 164 00 E |_..do.....| 6a., 20..|.-.do.....| 20.62 
Diana Dollar, Am. 8. 8..| Osaka.....-.-| Los Angeles. .| 31.N | 160 28 W| Jan. 4a., 21..| Jan. 21 | 29.73 
0... .--d0 44 52 N | 149 56 Jan. 23/ 6a., 23..| Jan. 23 29.70 

Victoria, Am. 8. Seward__..... ttle 68 31 N | 138 08 W | Jan. 22 | 22..| Jan. 22 20.54 
Tacoma, Am. S. 8_......! Manila....... San Francisco; 45 30 N | 173 15 E } Jan. 265 | Noon, 27; Jan. 28 | 29.28 w 
Ohioan, Am. 8. S.....-..| New York...| Los Angeles..| 15 50 N | 95 40 W| Jan. 27 | 4p., 27..| Jan. 27 | 29.85 | N_..... NE, 6.....| NE....| NW, 8....| NW-NE. 
Prince, Br. | Los Angeles..| Yokohama...) 30 00 N | 157 28 E do. 1p., 28._| Jan. 29 | 29.55 | WSW-_. wsw, W, 10... Wwsw-w. 
Silvermaple, Br. M. S....| Manila....2.- Portland..... 35 30 N | 141 30 E |.._do. 10 p., 27.|...do. 29.78 | N.-.... NNW-_| NW, 9.._.| N-NW-NNW. 
Soyo Maru, Jap. M.8.... Yokohama...| San Francisco} 45 02 N | 176 55 E | Jan. 28 | 2p., 29.10 | SSE, SSE, 9__...| SSE-SW-S. 
Northwestern, Am. 8. 8_.| Seattle._..... 59 04 N | 135 10 W/ Jan. 30 | 44.,30...| Jan. 30 | 30.54 | N...... NW, 10._.. 
Maru, Jap. | Yokohama...) San Francisco} 37 40 N | 156 35 E | Jan. 31 4p.,31..| Feb. 1 | 29.17 | NNW. NW, 9....| WNW. NNW, i 

SOUTH _ PACIFIC 

OCEAN 

Makura, Sydney...:..| Wellington_..| 31 27 8 | 170 15 Jan. 27 | 10a., 28..| Jan. 29 | 28.95 | SE.....| NNE,11..| W......| NE, 11....} 

SOUTH ATLANTIC 

OCEAN 
Solafric, Br. Rio De La| 3140S | 3910 Jan. 5/|4p.,5...| Jan. 6 | 20.76 | SW....| SW, SSE__.| SW, 9..... W-SW-S 
MEDITERRANEAN 

SEA 

Kattegat, Ger. M.S__.... Ertvelde-_... 4030 2705 E | Jan. 1/ 2p.,1-..) Jan. 1 | 20.55! SSE_..| SSE,11_..| SSE_._.| SSE, 11...) Steady. 


NORTH PACIFIC OCEAN 
By E. Hurp 

Atmospheric pressure.—The distribution of atmospheric 
pressure over the North Pacific Ocean for January, 1932, 
showed on the average a moderate depression—the Aleu- 
tian Low—north of the fiftieth parallel; the crest of an 
anticyclone extending from the coast of the United States 
to near midocean; and another and more intense anti- 
cyclone extending eastward from the China coast beyond 

onshu and the Ogasawara Islands. 

As compared with the proses of the preceding De- 
cember, Aleutian Low filled in by fully 0.20 inch, 


and the pressures on the American and Asiatic coasts had 
risen. At Honolulu barometric conditions were un- 
changed, but at Midway Island the December nic 
(30.18 inches) had disappeared, and in its stead much 
lower average pressure 029.94 inches) prevailed. 

Pressures were above normal for January at all points 
along the American coast north of the thirtieth parallel, 
except southeastern Alaska, with Juneau reading 0.07 
inch below normal. 

Special attention is called to the addition of several] 
island and coast stations from Asiatic sources to Table 1. 


j 
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TABLE 1.— Averages yor and extremes of atmospheric pene 
at sea level, North ‘acific Ocean and adjacent waters, January, 
1982, at selected stations 


Stations pressuse | from {Highest} Date | Lowest | Date 
normal 
I Inch Inches Inches 

Point Barrow ! §___.__....-.._.-- 30.17 | +0.09 30. 80 5 29. 20 12 
29.78 | +0.20 30. 34 410 28. 82 21 
73; +0.10 30. 18 20.14 23 
29.75 | +0.16 30. 52 30 28. 98 9 
29.81 | —0.07 30. 69 30 29. 03 5 
Tatoosh Island ? 4_...__.._...._.. +0. 06 30. 67 22 29. 34 12 
San Francisco * _..............-- 30.16 | +0.05 30. 49 17 29. 58 31 
29.97; —0.05 30, 04 8 29. 90 41 
30.01 | +0.01 30. 15 26 29. 80 31 
Midway Island 29.94 | 30. 36 23 <9. 40 4 
29.84; —0.06 29. 96 20 29. 68 44 
Manila '_. 29.95; —0.0 30. 08 10 29. 86 43 
30.23; +0.15 30. 40 il 30. 02 31 
Chiciiishima 30.12; +011 30. 44 21 29. 90 1 
20.99 j.........| 3048 20 29. 62 3 


1 Data based on 1 daily observation only, with departures computed from best avail- 
able normals related to time of observation. 

7A.m.and p. m. observations. 

3 For 24 to 29 days, with missing dates distributed over the month. 

* And on other dates. 

* Corrected to 24-hour mean. 

Cyclones and gales —General cyclonic activity slackened 
on the North Pacific during January, 1932, as compared 
with that of the preceding month. The result was a 
lessened number of stormy days, and of days with gales 
of the higher wind velocities (11 to 12). Among the 
many storm reports contributed by seamen, a consider- 
able percentage of the whole showed gales that did not 
exceed force 8. The month as a whole must be considered 
fairly stormy, however, and it may be noted that gales 
were almost as frequent on the central and southern trans- 
Pacific routes as they were along the northern, which is 
a rather unusual condition. 

The dates of greatest storm intensity, as indicated by 
reports of maximum-force gales, were those of the 2d—3d, 
the 13th, and the 20th and 21st. On the 2d-3d a cyclone 
that had moved eastward from northern Japan intensified 
until central pressures were about 29 inches, and caused 
westerly gales of force 11 near 38° N., 155° E. On the 
13th, in connection with an energetic cyclone that moved 
into the Aleutian region from the Okhotsk Sea, a gale of 
force 11 was experienced south of the western Aleutians. 
On the 20th and 21st cyclonic conditions, spreading east- 
ward, covered a poe area in northern mid-ocean, during 
the prevalence of which southeasterly gales of force 11-12 
were reported near 40° N., 175° W., and 46° N., 160° W.., 
and gales of lesser force over practically the entire extent 
of the Low. 

Gales of force 9 and 10 were fairly frequent during 
several intensifications of the Aleutian cyclone. The 
table of gales, however, sufficiently indicates their dis- 
tribution. 

About January 10th a Low with a tropical character- 
istics formed south of Midway Island and spreading 
8 Pig northward, caused fresh north and northeast 
gales over a considerable stretch of the sea. It early 
established contact through a long trough with the Low 
over the eastern Aleutians, but it continued active in 
the neighborhood of Midway Island until the 14th, on 
which day the Midway pressure oppo as low as 29.40 
inches. The Low thereafter receded rapidly northward. 


Owing to the strength of the Asiatic uicH, the north- 
east monsoon attained the strength of a moderate gale 
on several days, particularly from the 8th to 11th, be- 
tween Luzon and the Nansei Islands. 

East of the Hawaiian Islands, locally intensified trades 
which reached the force of a fresh gale, occurred on the 
8th and from the 20th to 24th. 
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Off the California coast fresh to strong gales occurred 
on the 11th to 14th and on the 19th, during southward 
incursions of the Aleutian Low, or westw pansions 
to the coast of extensive Lows over the United States. 


In the Gulf of Tehuantepec northers of fresh gale force 
were encountered on the 9th and 27th, and of moderate 
gale force on the 20th and 21st. 

Conditions at Honolulu.—The prevailing wind at Hono- 
lulu was from the east, with a maximum velocity of 28 
miles from the same direction on the llth. This January 
was the warmest there since 1889. 

Fog.—From the 3d until the 10th fog formed over a 
considerably region between 160° west longitude and the 
American coast, 30° and 50° north latitude, and on a few 
scattered days thereafter. 

Haze.—“‘Very heavy haze due to volcanic dust from 
Acatenango and Fuego that settle on the ship and sur- 
rounding waters,’’ was reported by the American steam- 
ship Knozville City, while in the Gulf of Tehuantepec on 


the 21st. Similar observances were made by other ves-. 


sels crossing the gulf on the 22d and 23d. 


SEA-SURFACE TEMPERATURE OBSERVATIONS, JANUARY, 
1932 


By Gites Stocum 


A change in the general plan of presenting sea-surface 
temperature data is initiated in this issue of the Review. 
During the calendar year 1931 the Review carried data 
for 1930, the material appearing in the issues dated a 
year after the months in which the observations were 
made. Hereafter the data will be for the current month 
and year. 


The method of publishing a year late had the advantage 
of presenting complete or final figures. The new plan 
requires the omission of the relatively few reports which 
do not reach the files in time to be included. Final 
means, embodying all available material will, however, 
be computed and published after the close of each year 
in connection with a brief annual summary. 


The disadvantage involved in publishing preliminary 
values subject to later slight revisions is not vital. Pre- 
liminary values will be found to vary ordinarily by not 
more than three-tenths of a degree from the final figures. 
Continuing discrepancies of this order would doubtless be 
significant in the areas from which these values are gath- 
ered, since the monthly and annual ranges are small, but 
such differences as will appear between the preliminary 
and final figures will be in the nature of accidentals and 
will therefore be of minor importance for purposes other 
than refined correlation computations, for which the cor- 
rected annual summaries should be used. 


An exception in the proposed method of publication is 
made in the case of the 1931 data, which have not yet been 
presented in any form. To fill the gap between 1930 and 
1932, resulting from this change of plan, the data for 1931 
are presented in the present issue, summarized for the 
whole year. The values for December, 1931, necessarily 
remain provisional but they will be revised as soon as 
practicable. 


A disadvantage of the plan of publishing a year late 
(followed in 1931) was that the data were then too. old to 
be of interest in connection with current weather. It is 
primarily to eliminate this disadvantage that the present 
plan, which will place the figures in the hands of the public 
enn 90 days after the close of each month, is inaugu- 
ra 
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LE 1.—Preliminary mean conve ia9 temperatures (°F.) in the 
us Caribbean Sea and Straits of Florida, a 198. 


Caribbean Sea Straits of Florida 
Mean year |from pre-| yrean year m pre- 
mean ced. mean ced. 
1932) 1932) 
°F. °F. °F. af °F, 
I 
WE 79.6 6 76.7 18 
lV 79.5 8 +2.0 
Month.......| 79.6 +0.5 —10 76.6 +1.7 —-18 


Table 1 shows the preliminary mean temperatures in 
the Caribbean Sea and the Straits of Florida for January, 
1932. 

CARIBBEAN SEA 


The Caribbean Sea is defined as the area included 
between the American Continents on the south and west 
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and the Greater Antilles and outermost Lesser Antilles 
on the north and east. The Mona Passage, the Wind- 
ward Channel south of 20° N., and the Yucatan Channel 
west from Cape San Antonio to the eighty-fifth meridian, 
north on this meridian to 22° N., west to 87° W., and south 
to the Yucatan Peninsula, are included. 

January, 1932, was a warm month in the Caribbean 
Sea, being the twenty-third consecutive month with a 
temperature at or above the 13-year mean (1920-1932). 


STRAITS OF FLORIDA 


The Straits of Florida data refer to the western part 
of the Straits area, that bounded on the east by the 
eightieth meridian, on the north by the twenty-fifth 
parallel, on the west by the eighty-fourth meridian, and 
on the south by the Cuban coast. 

The month of January, 1932, was the warmest January 
of record (1920-1932), being 0.8 above the previous 
warmest which occurred in 1924 and 1925, in both of 
which years the mean January temperature was 75.8° 
in the Straits of Florida. 


SUMMARY OF SEA-SURFACE TEMPERATURE DATA FOR 1931 


By Grtzs Stocum 


The data for the Caribbean Sea and the Straits of 
Florida for 1931 are here summarized, as a whole, for 
reasons discussed in this issue under the caption, ‘“Sea- 
Surface Temperature Observations, January, 1932.” 

In the accompanying table the values for the first 11 
months of 1931 are final. Those for December are based 
on about 97 Ft cent of the data that is expected to be 
— rrected values for this month will be given 
ater. 


CARIBBEAN SEA 


The monthly mean temperature of the Caribbean Sea 
was higher than the average throughout 1931. The 
means for January, March, April, May, June, July, and 
August were the highest of record for these months 
during the 12 years for which adequate data have been 
collected and analyzed, and so also were their departures 
from the 12-year means. The previous greatest positive 
departures, 0.8°, occurred in and 
1927, and December, 1930. 

May was the most extreme month in 1931. This 
usually is a midspring month, characterized as it pro- 
egy by a rapid rise in temperature in the Caribbean 

a, but not by relatively high temperatures in the course 
of the annual seasonal march, and it usually is nearly 
as cool as December, a late autumn month. Tee, 1931, 
had a mean temperature of 82.4°, which is 1.8° above the 
May mean. Since 1920, no other May or June was as 
warm, and only one Jul , which was slightly warmer. 
The average for this th 4, May, 1931, was indeed higher 
than is usual for August, the month just preceding the 
normally warmest of the year. No month in the years 
1920 to 1923, inclusive, had a temperature exceeding that 
of this May. 

February, September, and October, 1931, were each 
once exceeded in temperature by the same respective 
months in previous years. November and December of 
this year were not greatly warmer than average. 

The surface water of the Caribbean Sea was extremely 
warm throughout the winter of 1930-31, and the spring 
rise in temperature, while more rapid than usual, was, 
by reason of the high temperatures which already pre- 
vailed, not different in nature from the rise in other years. 


The change from the high, but not unprecedented tem- 
perature of February, 1931, to the conspicuously extreme 
anomalous condition in May, took place gradually with- 
out remarkable interruptions or accelerations. 

The spring temperatures of 1931 were so high that 
midsummer conditions prevailed for half the year instead 
of approximately a fourth to a third, as in the usual 
year. The departures from the mean for the months 
after May, 1931, were progressively smaller through the 
summer. While the decrease in magnitude of these de- 
partures did not reverse or interrupt the usual seasonal 
march of progressively warmer months through the 
summer until the warmest month, September, it did 
conspicuously flatten the curve representing the march 
of temperature during the year as compared with that for 
other years. 

By autumn, the extreme thermal abnormality of the 
spring and early summer months of 1931 had somewhat 
moderated. Since a diminishing positive anomaly per- 
sisted, however, through the fall months, the progression 
of the temperature curve was much like the normal 
seasonal march during these final months of the year. 

Considering the extreme temperature abnormality of 
the spring of 1931 from still another angle, that of the 
relative size of the temperature anomaly in comparison 
with the annual range, the May, 1931, anomaly was over 
two-fifths of the mean annual change from winter to 
summer, which is only 4.3°. The departures for April, 
June, and July were conspicuously large, being over 
a third of the mean annual range. 


STRAITS OF FLORIDA 


In the Straits of Florida, the first four months of 1931 
continued a pean. begun in December, 1930, of rela- 
tively far subnormal temperatures. Subsequently, the 
abnormal warmth of the Caribbean Sea appears to have 
spread into this region. May, June, and November, 
1931, were somewhat cooler than the seasonal average; 
but July, August, September, October, and December 
were each warmer than their 12-year means—the latter 
indeed being the warmest December in the period of 
record. In this respect, the warmth of this month re- 
sembled the extreme positive anomalies found in the 
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Caribbean during the early summer. The year 1931, as 
a whole, was, however, next to 1920, the coolest thus 
far found in the Straits area. 

While the year as a whole was cool, the temperatures 
rose with unusual rapidity during the time occupied by 
the transition from extremely subnormal temperatures in 
the winter and early spring of 1930-31 to the above- 
average temperatures which came into evidence in the 
Straits early in the summer. 


GENERAL SUMMARY 


The year 1931 in the areas under discussion was prob- 
ably the most interesting in all respects of any in the 
term of years covered by the Weather Bureau sea-surface 
temperature records, the more especially so since it was 
also an unusual year over continental United States. 
The extreme conditions briefly described in this sum- 
mary invite further analysis of the available facts. 
Treatments of limited phases of such further analysis are 
in preparation in connection with studies of the entire 
period from 1919 to the present. 

The abnormality of the 1931 sea-surface temperatures 
in the Caribbean, and to a lesser extent in the Straits, 
while striking, should, however, still be viewed in proper 
pomreirs. The period for which observations have 

een statistically treated covers only 13 years, and the 
first year of the 13 is represented by too few observations 
to be adequately comparable with the other 12. In cli- 
matic discussions, this is a short period of time. What 
is unprecedented in a period of 12 or 13 years of meteoro- 
logical or oceanographic history of phenomena stands a 
chance, approaching certainty, of being highly abnormal 
in a considerably longer period of years, but chins is onl 
a small probability that it represents the extreme is suc 


a long period as, say, a century. 

Again, the temperature departures from the averages, 
while proportionately much larger than have been found 
to have occurred in any other year studied, and while 
large in relation to the annual range, were yet small in 
the absolute sense. Temperature ranges and abnormali- 
ties of ordinary occurrence in the atmosphere usually 
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run many times greater than the small values of these 
remarkable abnormalities of 1931 in the Caribbean and 
Straits of Florida. The range in water temperature in 
subpolar and temperate seas also generally is much larger 
than that shown in these tropical and subtropical waters. 
Not only is the period of years covered a short one but 
the geographical area considered is small on the world 
scale and the statistical analysis thus far made in even 
this circumscribed area may be inadequate as a true pic- 
ture of average temperature conditions surrounding the 
origins of the surface waters of the Gulf Stream. 
he significance, or effect, of the abnormalities in rela- 
tion to the so-called ‘‘thermal cargo” of the Gulf Stream 
is still wide open to further and more rigorous investiga- 
tion. Some aspects of this problem will be attacked with 
the data now in hand covering 13 years, but a much 
longer period of accurate results must be assembled 
before the problem can be said to have received proper 
treatment. 


TaBLe 1.—Mean sea-surface temperatures (°F.) and number of obser- 
vations, January to December, 1931 


Caribbean Sea Straits of Florida 
Depar- Depar- 

Month Num- ture |C Num- ture | Change 
ber of from | from | ber of from | from 
obser- | Mean | 12-year | preced-| obser- | Mean | 12-year 

va- mean ing va- mean ing 
tions (1920- | month | tions (1920- | month 

1931) 1931) 

J 550 80.1) 126 73.5 | 
February.......... 498 79.2); +07) -09 130 73.6) —09 +0. 1 
March... 504 79.6; 40.9; +04 132 73.2; —1.6. —0.4 
526 80.6 +10 138 7.1) —L7 +1.9 
522 82. 4 18) +18 157 78.4 —0.4 3.3 
589 83.0; +06 154 81.2; —0.3 2.8 
604 83.2) +14 185 83.5 | +03 +2. 3 
621 83.3) +11 1 148 84.4) +05 +0.9 
September_........ 577 83.4; 406) 401 158 84.0) +05 —0.4 
586 83. 1 §| 173 +04 —-2.2 
November_........ 504 81.8 1} 164 73.5) —0.2 —3.3 
ber ! 80.6; +02) —12j.-..-...| 784] +19 —0.1 
Year 81.7) 78.8) —0.2 |...-.--- 


1 Data incomplete. Figures are preliminary values subject to revision. 
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CLIMATOLOGICAL TABLES’ 


DESCRIPTION OF TABLES AND CHARTS 


Table 1 gives the data ordinarily needed for climatologi- 
cal studies for about 185 Weather Bureau stations making 
simultaneous observations at 8 a. m. and 8 p. m. daily, 
seventy-fifth meridian time, and for about 31 others 
making only. ane observation. The altitudes of the in- 
struments above ground are also given. _ 

inning with January 1, 1932, all wind movements 
and velocities published herein are corrected to true values 
by applying to the anemometer readings corrections deter- 
nian by actual tests in wind tunnels and elsewhere. 

Table 2 gives, for about 37 stations of the Canadian 
Meteorological Service, the means of pressure and tem- 
perature, total precipitation, depth of snowfall, and the 
respective departures from normal values except in the 
case of snowfall. The sea-level pressures have been 
computed according to the method described by Prof. 
F. iH. Bigelow in the Review of January, 1902, 30: 13-16. 

I—Temperature departures —This chart pre- 
sents the departures of the monthly mean surface temper- 
atures from the monthly normals. The shaded portions 
of the chart indicate areas of positive departures and 
unshaded portions indicate areas of negative departures. 
Generalized lines connect places having approximately 
equal departures of like sign. This chart of monthly 
surface temperature departures in the United States was 
first published in the Montaty Weatuer Review for 
July, 1909, but smaller charts appear in W. B. Bulletin 
U for 1873 to June, 1909, inclusive. 

Cuart II.—Tracks of centers of ANTICYCLONES; and 

Cuart III.—Tracks of centers of cyrcuones. The 
Roman numerals show the chronological order of the 
centers. The within the circles show the days 
of the month, the location indicated being that at 8 
a. m., seventy-fifth meridian time. Within each circle 
is also an entry of the last three — a of (Chart II) 
the highest barometric reading, or (Chart III) the lowest 
reading reported at or near the center at that time, in 
both cases as reduced to sea level and standard gravity. 
The intermediate 8 p. m. locations are indicated by dots. 
The inset map of Chart II shows the departure of monthly 
mean pressure from normal and the inset of Chart III shows 
the change in mean pressure from the preceding month. 

The use of a new base map for Charts IT and III began 
with the January, 1930, issue. 


Cuart IV.—Percentage of clear sky between sunrise and 
sunset.—The average pk nom at each regular Weather 


Bureau station is determined by numerous personal ob- 
servations between sunrise and sunset. The difference 
between the observed cloudiness and 100 is assumed to 
represent the percentage of clear sky, and the values 
thus obtained are the basis of this chart. The chart does 
not relate to the nighttime. 

Cuart V.—Total precipitation —The scales of shading 
with appropriate lines show the distribution of the 
monthly precipitation according to reports from both 
regular and cooperative observers. ‘The inset on this 
chart shows the departure of the monthly totals from the 
corresponding normals, as indicated by the reports from 
the regular stations. 

Cuart VI.—Isobars at sea level, average surface tem- 

eratures, and prevailing wind directions.—The pressures 
pee been reduced to sea level and standard roy by 
the method described by Prof. Frank H. Bigelow in the 
Review for January, 1902, 30: 13-16. The ressures 
have also been reduced to the mean of the 24 hours by 
the application of a suitable correction to the mean of 
8 a. m. and 8 p. m. readings at stations taking two 
observations daily, and to the 8 a.m. or the 8 p. m. obser- 
vation, respectively, at stations taking but a single 
observation. 

The diurnal corrections so applied, except for stations 
established since 1901, will be found in the Annual Report 
of the Chief of the Weather Bureau, 1900-1901, volume 2, 
Table 27, pages 140-164. 

The sea-level temperatures are now omitted and aver- 
age surface temperatures substituted. The isotherms can 
not be drawn in such detail as might be desired, for data 
from only the regular Weather Bureau stations are used. 

The prevailing wind directions are determined from 
hourly observations at almost all the stations. A few 
stations determine their prevailing directions from the 
daily or twice-daily observations only. 

Cuart VII.—Total snowfall—tThis is based on the re- 
ports from regular and cooperative observers and shows 
the depth in inches of the snowfall during the month. 
In general, the depth is shown by lines connecting places 
of equal snowfall, but in special cases figures also are 
given. This chart is published only when the snowfall is 
sufficiently extensive to justify its preparation. The 
inset of this chart, when included, shows the depth of 
snow on the ground at the end of the month. 

Cuarts VIII, IX, etc.—North Atlantic Weather maps 
of particular days. 
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CONDENSED CLIMATOLOGICAL SUMMARY 


In the following table are given for the various sections of the climatological service of the. Weather.Bureau the 
monthly average temperature and total rainfall; the stations reporting ies Tokens and lowest temperatures, with 
dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated by 
the several headings. 
The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and the 
greatest and least monthly amounts are found by using all trustworthy records available. 2 
The mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations. Of course, the number of such records is smaller than the total number of 
stations. ; 


Condensed climatological summary of temperature and precipitation by sections, January, 1982 


Temperature Precipitation 
& Monthly extremes i Greatest monthly Least monthly 
Section 
2a } 
| Station H Station g g Station Station 
37.8 | —5.4| University of Ari-| 79 | 19 | Alpine.............. | 23) 0.85) —0. Rang- | 3.72 | 8 stations___...- 
zona. er 
Arkansas. _.......---- 46.2 | +5.2 80 | 114) Eureka Springs. --.. 380| 967 | +5.43 | 16. 51 | Dutton......:--. 
41.0 | —3.2 | 81 Soda Springs........ | 3.14) Crescent City....... 12.03 | 0. 
19.7 | ~43 | 72| 18) —40 0.77 | —0.05 | 535 | Te); 
66.0 | +7.0 | Glen St. Mary...--- 89| 27} 10| —0.50| 11.90 il 0.09 
55.6 | +89 87; 14| Clayton_........... 16| 31; &72| +181] Clayton............ 9.75 | Brunswick........- “|, 0.78 
19.8 | —3.1 | Glenns Ferry.--.--- 58 20 ----|—35 | 126) 1.85 | —0.31/ Roland 6.47 | 27 
35.7 | +9.0 | 2stations___._- 70} 14 | 307 88 | Brookport.......-..-| 8.51 | Moline..... --| 0.95 
38.4 |+10.0 | Rome 74 14 | 2stations............; 1 31 | 5.43 | +2.30 | Mount Vernon....../ 10.90 | Notre 1.67 
22.5 | +42/| 61 | 28/| —22| 181 | +0.78| Storm Lake..___._- 3.40 | Melrose......... 0. 42 
28.7 | —0.8 | Independence.......| 67 13 | 2 stations............/—14 30; 1.33 | +0.71 | 3.25 | 
44.9 | +9.3 | Williamsburg. 80 | 13 | Mount 14| 8&17 | +3.82 | Hopkinsville.......- 12:97'| Jenkins “0 
56.9 | +5.6 | Lafayette...........| 86 Plain Dealing.......| 24 10.08 | +-5.38 | Minden 16. 59 | Port 3} 
Maryland-Delaware _| 44.7 |+11.8 | 80} 14} 2stations............| 13 31 | 5.04 | +181 | Annapolis, Md..s..- 6.63 | Picardy; 2.83 
31.6 /+11.6 | 63| 15 | Bessemer............ —18| 30) 203 | +1.15 | Whitefish Point...._| Howard 6.88 
14.3 | +6.6 | 46 12 | 3 stations..........--|—33 | 31}. 108 | +0.36 | Winona. 2.93 Mah: 
52.7 | +5.6 | Eupora..............; 83}. 13 |, Duck 21 | 381 10.47 | +5.37 | Swan 17.82 | Boloxi 3. 
36.4 | +59 | 73| 14/8 stations........... -7|, 19| 3.32] 41.28] New 9.92 Edgerton. 020 
181 | 6) | 30 0.64 | —0. 24 | 436) 2 stations 
20.2 | —1.3 | Culbertson.......... 60 18 30} 121 RSs David City. 4.85 do. ‘ Ton 
26.5 | —4.2 | Logandale...........| 70 12 25 | 1,32 25 | Lewers Ranch....... 5.19 | 0. 00. 
New 32.5 |+10.0 | Waterbury, % 14 26; 4.61 } +1.20 | Somerset, Vt........ 8.01 | PresqueIsle, (1.17 
New Jersey ....-...-- 42.4 |+12.4 3 76 | 114 11) 450 erton..........- | $8 2.79 
New Mexico. 28.8 | —4.5 | 7 | 15 1} 0.88 33 | 3. 
New | 74 | 113 29 | 4.28 | +1.37 | 7.96 | 1.41 
North 50.4) +9.1 86 31 | 4.73 | +104 | 10.23 | Manteo 1:82 
North Dakota_....... | | | 50| !11/) Willow City 31 | 0.55 tt 08:| Dunseith 1,60 | .2 
39.8 |412.0 | 79| 6.28 | +240) 7.63 | Cleveland... 3. 
Oklahoma.........-.| 40.2 | +2.4 | 2 stations............ | 78 | 114,) 2| 26) 466) +316 12.70 | Kenton. .....-..-...| 0.66 
Pennsylvania. ....... 40.5 |+12.6 14 | Mount Pocono...... 9| 31) 4.51 +1.26 | 7,48. | Center Hall.........) 1.98 
South Carolina.....-- 54.5 | +8.8 14 | 19| 4.93) +-1.35 | Caesars Head 9.82 
South Dakota......../ 14.2 | —1.3 | Spearfish. ..........- 57 25 | Camp Crook._....-.|—31 30 | 0.79 | +0.18 | 215 
46.8 | +8.1 | 2stations............/ 80 14 ikmont............/° 13 31 | 8.32 | +3. 64 mville_.......! 16,52 
49.7 | +1.5 | Riogrande...........|. 91 |, 116 4.71 ville........| 13.56 
Utsh 18.0 | —6.8 St. George 58 8 | Woodruff. .......... —35 14; 1.33 06 | Soldier Summit_.__. 5.27 
46.9 |\+11.1 | 82 14 stations._.........- 15} 11 4.65 | +1.46 | Pennington Gap....| 6.96 
Washington_......... 28.8 —1.0 | 4 60 11 | Stockdills Ranch....|—16 5.24 | —0.25 ‘aradise Inn........ 26. 88 
West Virginia__...... 43.4 +11.2 | Robertsburg-------- 82 14 | Terra Alta.......... 31 | 4.82 | +0.94 6.72 
Wisconsin............ 23.2 | +9.3 | Racine.............. 1.93 | +078 | 3.62 
Wyoming...........- 13.6 | —4.9 | Torrington.......... 59] 19 Riverside........... —38| 2) 0.90 | +0.12/ Riverside........... 3.98 
Alaska (December)..| 8.8 +0.8 | Dutch 53 7 | Hot Springs. 29; 2.30; —0.10 | Kasaan_............ 10.75 | McKinley Park... 0. 06 
70.4 | +1.8 | 90; Kanalohuluhulu....; 38| 17) 887 | —0.98 | Honomu............| 45.19 | 2 stations............ 0.09 
Poste 73.1; 6.0; San German........; 92| 12 | Guineo Reservoir...| 40 4.60! +1.02 | Rio Blanco..........) 0.10 
1 Other dates also. 
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